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Description 

Field of the Invention 

5 This invention relates to recombinant DNA methods of preparing immunoglobulins, genetic sequences coding 

therefor, as well as methods of obtaining such sequences. 

Background Art 

io The application of cell-to-cell fusion for the production of monoclonal antibodies by Kohler and Milstein (Nature 

(London) , 256 : 495, 1975) has spawned a revolution in biology equal in impact to the invention of recombinant DNA 
cloning. Hybridoma-produced monoclonal antibodies are already widely used in clinical diagnoses and basic scientific 
studies. Applications of human B cell hybridoma-produced monoclonal antibodies hold great promise for the clinical 
treatment of cancer, viral and microbial infections, B cell immunodeficiencies with diminished antibody production, and 
is other diseases and disorders of the immune system. 

Unfortunately, yields of, monoclonal antibodies from human hybridoma cell lines are relatively low (1 ug/ml in human 
x human compared to 100 ug/ml in mouse hybridomas), and production costs are high for antibodies made in large 
scale human tissue culture. Mouse x mouse hybridomas, on the other hand, are useful because they produce abundant 
amounts of protein, and these cell lines are more stable than the human lines. However, repeated injections of "foreign" 
20 antibodies, such as a mouse antibody, in humans, can lead to harmful hypersensitivity reactions. 

There has therefore been recent exploration of the possibility of producing antibodies having the advantages of 
monoclonals from mouse-mouse hybridomas, yet the species specific. properties of human monoclonal antibodies. 

Another problem faced by immunologists is that most human monoclonal antibodies (i.e. , antibodies having human 
recognition properties) obtained in cell culture are of the IgM type. When it is desirable to obtain human monoclonals 
2S of the IgG type, however, it has been necessary to use such techniques as cell sorting, to separate the few cells which 
have switched to producing antibodies of the IgG or other type from the majority producing antibodies of the IgM type. 
A need therefore exists for a more ready method of switching antibody classes, for any given antibody of a predeter- 
mined or desired antigenic specificity. 

The present invention bridges both the hybridoma and monoclonal antibody technologies and provides a quick 
30 and efficient method, as well as products derived therefrom, for the improved production of chimeric human/non-human 
antibodies, or of "class switched" antibodies. 

Approaches to the problem of producing chimeric antibodies have been published by various authors. 

Morrison, S. L. et al, Proc. Natl. Acad. Sci., USA , 81 : 6851 -6855 (November 1 984), describe the production of a 
mouse-human antibody molecule of defined antigen binding specificity, produced by joining the variable region genes 
35 of a mouse antibody-producing myeloma cell line with known antigen binding specificity to human immunoglobulin 
constant region genes using recombinant DNA techniques. Chimeric genes were constructed, wherein the heavy chain 
variable region exon from the myeloma cell line S107 well joined to human IgG! or lgG2 heavy chain constant region 
exons, and the light chain variable region exon from the same myeloma to the human kappa light chain exon. These 
genes were transfected into mouse myeloma cell lines and transformed cells producing chimeric mouse-human an- 
40 tiphosphocholine antibodies were thus developed. 

Morrison, S. L. et al ., European Patent Publication No. 173494 (published March 5, 1986), disclose chimeric "re- 
ceptors" (e.g. antibodies) having variable regions derived from one species and constant regions derived from another. 
Mention is made of utilizing cDNA cloning to construct the genes, although no details of cDNA cloning or priming are 
shown, (see pp 5, 7 and 8). 

45 Boulianne, G. L. et al ., Nature , 312 : 643 (December 13, 1984), also produced antibodies consisting of mouse 

variable' regions joined to human constant regions. They constructed immunoglobulin genes in which the DNA seg- 
ments encoding mouse variable regions specific for the hapten trinitrophenyl (TNP) were joined to segments encoding 
human mu and kappa constant regions. These chimeric genes were expressed as functional TNP binding chimeric IgM. 
For a commentary on the work of Boulianne et al . and Morrison et aL , see Munro, Nature , 312 : 597 (December 
so. 1 3, 1 984), Dickson, Genetic Engineering News , 5± No. 3 (March 1 985), or Marx, Science , 229 : 455 (August 1 985). 

Neuberger, M. S. et al ., Nature , 314 : 268 (March 25, 1986), also constructed a chimeric heavy chain immunoglob- 
ulin gene in which a DNA segment encoding a mouse variable region specific for the hapten 4-hydroxy-3-nitrophen- 
acetyl (NP) was joined to a segment encoding the human epsilon region. When this chimeric gene was transfected 
into the J558L cell line, an antibody was produced which bound to the NP hapten and had human IgE properties. 
ss Neuberger, M.S. et aL, have also published work showing the preparation of cell lines that secrete hapten-specific 

antibodies in which the Fc portion has been replaced either with an active enzyme moiety (Williams, G. and Neuberger, 
M.S. Gene 43:31 9, 1 986) or with a polypeptide displaying c-myc antigenic determinants (Nature , 312 :604, 1 984). 
Neuberger, M. et al ., PCT Publication WO 86/01533, (published March 13, 1986) also disclose production of chi- 
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meric antibodies (see p. 5) and suggests, among the technique's many uses the concept of "class switching" (see p. 6). 

Taniguchi, M., in European Patent Publication No. 171 496 (published February 19, 1 985) discloses the production 
of chimeric antibodies having variable regions with tumor spectficty derived from experimental animals, and constant 
regions derived from human. The corresponding heavy and light chain genes are produced in the genomic form, and 
5 expressed in mammalian cells. 

Takeda, S. et aL , Nature , 314 : 452 (April 4, 1 985) have described a potential method for the construction of chimeric 
immunoglobulin genes which haveintron sequences removed by the use of a retrovirus vector. However, an unexpected 
splice donor site caused the deletion of the V region leader sequence. Thus, this approach did not yield complete 
chimeric antibody molecules. 

io Cabilly, S. etal., Proc. Natl. Acad. Sci., USA , B1 : 3273-3277 (June 1 984), describe plasmids that direct the synthesis 

in _E. coli of heavy chains and/or light chains of anti-carcinoembryonic antigen (CEA) antibody. Another plasmid was 
constructed for expression of a truncated form of heavy chain (Fd') fragment in coli. Functional CEA-binding activity 
was obtained by in vitro reconstitution, in E^ coli extracts, of a portion of the heavy chain with light chain. 

Cabilly, S., et al ., European Patent Publication 125023 (published November 14, 1984) describes chimeric immu- 

is noglobulin genes and their presumptive products as well as other modified forms. On pages 21 , 28 and 33 it discusses 
cDNA cloning and priming. 

Boss, M. A., European Patent Application 1 20694 (published October 3, 1984) shows expression in _E. coli of non- 
chimeric immunoglobulin chains with 4-nitrophenyl specificity. There is a broad description of chimeric antibodies but 
no details (see p. 9). - 

20 Wood, C. R. et ah, Nature , 314 : 446 (April, 1985) describe plasmids that direct the synthesis of mouse anti-NP 

antibody proteins in yeast. Heavy chain mu antibody proteins appeared to be glycosylated in the yeast cells. When 
both heavy and light chains were synthesized in the same cell, some of the protein was assembled into functional 
antibody molecules, as detected by anti-NP binding activity in soluble protein prepared from yeast cells. 

Alexander, A. et al. , Proc. Nat. Acad. Sci. USA , 79: 3260-3264 (1 982), describe the preparation of a cDNA sequence 

25 coding for an abnormally short human Ig gamma heavy chain (OMM gamma 3 HCD serum protein) containing a 19- 
amino acid leader followed by the first 1 5 residues of the V region. An extensive interna! deletion removes the remainder 
of the V and the entire C H 1 domain. This is cDNA coding for an internally deleted molecule. 

Dolby. T W. etal., Proc. Natl. Acad. Sci., USA , 77: 6027-6031 (1980), describe the preparation of a cDNA sequence 
and recombinant plasmids containing the same coding for mu and kappa human immunoglobulin polypeptides. One 

30 of the recombinant DNA molecules contained codons for part of the CH 3 constant region domain and the entire 3' 
noncoding sequence. 

Seno, M. et aL, Nucleic Acids Research , 11 : 719-726 (1983), describe the preparation of a cDNA sequence and 
recombinant plasmids containing the same coding for part of the variable region and all of the constant region of the 
human IgE heavy chain (epsilon chain). 
35 Kurokawa, T et aL, jbid, Tl : 3077-3085 (1 983), show the construction, using cDNA, of three expression plasmids 

coding for the constant portion of the human IgE heavy chain. 

Liu, F. T et al., Proc. Nat. Acad. Sci., USA , 81: 5369-5373 (September 1984), describe the preparation of a cDNA 
sequence and recombinant plasmids containing the same encoding about two-thirds of the CH 2 , and all of the C H 3 
and C H 4 domains of human IgE heavy chain. 
40 Tsujimoto, Y et al. , Nucleic Acids Res. , 12 : 8407-841 4 (November 1 984), describe the preparation of a human V 

lambda cDNA sequence from an Ig lambda-producing human Burkitt lymphoma cell line, by taking advantage of a 
cloned constant region gene as a primer for cDNA synthesis. 

Murphy, J., PCT Publication WO 83/03971 (published November 24, 1983) discloses hybrid proteins made of 
fragments comprising a toxin. and a cell-specific ligand (which is suggested as possibly being an antibody). 
45 Tan, etal ., J. Immunol . 1_35:8564 (November, 1 985), obtained expression of a chimeric human-mouse immunoglob- 

ulin genomic, gene after transfection into mouse myeloma cells. 

Jones, P T., et al ., Nature 321 :552 (May 1986) constructed and expressed a genomic construct where CDR do- 
mains of variable regions from a mouse monoclonal antibody were used to substitute for the corresponding domains 
in a human antibody. 

so Sun, L.K., et aL . Hvbridoma 5 suppl. 1 S17 (1986), describes a chimeric human/mouse antibody with potential 

tumor specificty. The chimeric heavy and light chain genes are genomic constructs and expressed in mammalian cells. 

Sahagan et aL , J. Immun . J_37:1066-1074 (August 1986) describe a chimeric antibody with specificity to a human 
tumor associated antigen, the genes for which are assembled from genomic sequences. 

For a recent review of the field see also Morrison, S.L, Science 229 : 1 202-1 207 (September 20, 1 985) and Oi, V. 
55 T, et at ., BioTechniques 4:214 (1986). 

The Oi, et aL , paper is relevant as it argues that the production of chimeric antibodies from cDNA constructs in 
yeast and/or bacteria is not necessarily advantageous. 

See also Commentary on page 835 in Biotechnology 4 (1 986). 
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SUMMARY OF THE INVENTION 

The invention provides a novel approach for producing genetically engineered antibodies of desired variable region 
specificity and constant region properties through gene cloning and expression of light and heavy chains. The cloned 
immunoglobulin gene products can be produced by expression in genetically engineered organisms. 

The application of chemical gene synthesis, recombinant DNA cloning, and production of specific immunoglobulin 
chains in various organisms provides an effective solution for the efficient large scale production of human monoclonal 
antibodies. The invention also provides a solution to the problem of class switching antibody molecules, so as to readily 
prepare immunoglobulins of a certain binding specificity of any given class. 

According to one aspect of the present invention there is provided an immunoglobulin chain, or a fragment of an 
immunoglobulin chain, comprising at least a functionally operating region of an antibody variable region, the variable 
region being directly linked at its N-terminus to a prokaryotic secretion signal peptide to enable the immunoglobulin 
chain, or fragment of an immunoglobulin chain, to be secreted from a prokaryotic organism. 

The invention further provides polynucleotide molecules encoding the aforementioned immunoglobulin chain or. 
fragment of an immunoglobulin chain as well as vectors, especially expression vectors comprising such polynucleotide 
molecules. 

The invention also provides a process of preparing a immunoglobulin chain, or a fragment of an immunoglobulin 
chain, the process comprising: 

a) transforming or transfecting a prokaryotic host with a vector as defined above comprising a promoter capable 
of directing transcription in the host; 

b) culturing the host under appropriate conditions such that the immunoglobulin chain, or fragment of an immu- 
noglobulin chain, is expressed with the variable region being directly linked at its N-terminus to a prokaryotic se- 
cretion signal peptide; and 

(c) obtaining an immunoglobulin chain, or fragment of an immunoglobulin chain, which prior to being secreted from 
the host, was originally linked to the signal peptide. 

The invention will now be described in more detail with particular reference to the accompanying drawings. 
BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1 shows the DNA rearrangements and the expression of immunoglobulin mu and gamma heavy chain 
genes. This is a schematic representation of the human heavy chain gene complex, not shown to scale. Heavy chain 
variable V region formation occurs through the joining of V H , D and J H gene segments. This generates an active mu 
gene. A different kind of DNA rearrangement called "class switching" relocates the joined V H , D and J H region from 
the mu constant C region to another heavy chain C region (switching to gamma is diagrammed here). The scheme 
empahsizes that the J region is a common feature of all expressed heavy chain genes. The J region is also a common 
feature of expressed light chain genes. 

FIGURE 2 shows the known nucleotide sequences of human and mouse J regions. Consensus sequences for the 
J regions are shown below the actual sequences. The oligonucleotide sequence below the mouse kappa J region 
consensus sequence is a Universal Immunoglobulin Gene (UIG) oligonucleotide which is used in the present invention. 

FIGURE 3 shows a scheme noting the use of the UIG oligonucleotide primer for the synthesis of cDNA comple- 
mentary to the variable region of immunoglobulin messenger RNA, or the use of oligo-dT as a primer for cDNA syn- 
thesis, followed by in vitro mutagenesis. 

FIGURE 4 shows the synthesis and analysis of human lgG1 genes, including three isolated clones (A.b), one of 
which (pGMH-6) is utilized as a cloning vector (B). A 1 .5 kb deletion of pBR322 sequence between Bam HI and Pvu ll 
is marked. Not to scale. 

FIGURE 5 shows the cloning vector pQ23, a modified pBR322, useful for cDNA cloning at the Kpnl site. This vector 
also contains the useful restriction enzyme sites Bgjll plus Sail. Not to scale. 

FIGURE 6 shows in A. the synthesis and analysis of human light chain kappa genes. The Figure also shows in B. 
(not in scale) construction of a human C K region cloning vector plNG2001 . 

FIGURE 7 shows primers designed for immunoglobulin V region synthesis. (A) shows the heavy chain J-C regions 
and primers. A DNA version of each mouse J heavy region is shown directly above primers designed from that se- 
quence. Mouse J regions are 5' to 3\ left to right, while primers are 3' to 5', left to right. Primer names are included in 
brackets, and numbers of nucleotides (N) and number of mismatches with each J H region are listed to the right. Primers 
which introduce a BstEII site are underlined. (B) shows the light chain J regions and primers. The same as for (A) 
except for light chains. Primers designed to introduce a Bgl ll site are underlined, as is the Bel! site present in 
plNG2016E. (C) shows mouse variable region consensus UIG primers. The actual primer sequence is shown below 
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that consensus sequence. The human C K Hrndlll vector pGML60 is shown below. (D) shows a mouse gamma 2a J/C 
junction primer. 

FIGURE 6 shows the synthesis of heavy chain V region module genes using oligonucleotide primed cDNA syn- 
thesis. Not to scale. 

s FIGURE 9 shows the construction of hybrid mouse-human immunoglobulin genes. Panel A shows construction of 

a heavy chain gene. Stippled regions show C region modules, while hatched or black regions show V region modules. 
Not to scale. 

FIGURE 10 shows the construction of cDNA cloning-expression shuttle vectors for mammalian cells. The vectors 
plNG2003 and plNG2003E are derived from pL1, pUC12, pSV2-neo and M8- alpha RXl2. Stippled regions indicate 

to mouse heavy chain enhancer DN A, hatched regions indicate SV-40 DNA from pL1 , and cross-hatched regions indicate 
SV-40 DNA from pSV2-neo. In the vectors p!NG2003 and plNG2003E, thick lines represent pBR322 DNA from 
pSV2-neo, while thin lines represent pUC12 DNA. Arrows indicate the locations and directions of SV-40 early region 
promoters, and indicates a complete SV-40 intron sequence. Not to scale. 

FIGURE 11 shows the construction of the heavy chain expression plasmid plNG2006E. Arrows show SV-40 pro- 
's moter locations and directions of transcription. Hatched and black areas show mouse V region modules, while stippled 
areas show human C region modules. Not to scale. 

FIGURE 12 shows the structure of the chimeric anti-hepatitis heavy chain genes in the expression plasmids 
plNG2006E and plNG2012E. Panel A shows the structure of mouse-human chimeric anti-hepatitis heavy chain genes. 
The structure of human IgGI mRNA and cDNA is shown in A.a. The human heavy chain constant region cDNA clone 

20 pGMH-6 and the mouse heavy chain variable region cDNA clones pBSl3-1 and pJ3-11 were used to make the hybrid 
gene used in plNG2006E. Hatched gene blocks indicate mouse variable region sequences, while open gene blocks 
show human lgG1 constant region sequences. Panel B shows the nucleotide sequence of the anti-hepatitis B heavy 
chain variable region in plNG2006E and plNG2012E. ptNG20l2E was constructed by first inserting a BgJII site at the 
Sai l site of plNG1202 (See Figure 16) to form plNGl202Bglll. The chimeric heavy chain gene from this plasmid was 

2S inserted into the expression vector plNG2003E, resulting in plNG20l2E. plNG2012E differs from pING 2006E in the 
region immediately upstream of the initiator ATG. Underlined nucleotides denote human J region sequences from the 
cDNA clone pGMH-6. Asterisked amino acid 117 indicates a single change at this site from mouse to human sequence 
(Ala to Ser) introduced in the chimeric gene J region. Sequencing was by the Sanger method on plasmid (open circle) 
and M1 3 (closed circle) templates. 

30 FIGURE 13 shows in panel A the J-C junction region nucleotide sequence in light chain clones derived from 

plNG2001 (pMACK-3, plNG20l3E, plNG2007E, plNG20l0E-gpt and plNG2014E-gpt). The J region sequence origi- 
nating from pK2-3 is marked human JK4; The G nucleotide not predicted by genomic sequencing is marked with an 
asterisk. The oligonucleotide primer (K2-4BCL1) used to modify this sequence is shown below the human JK4 se- 
quence. Panel B diagrams the method of site-directed mutagenesis used to make plNG201 6E-gpt. Not to scale. 

35 FIGURE 14 Gene copy number of the transfected sequences in two transformants. nDNAfrom 2AE9, 2BH10were 

digested with the enzymes indicated. The concentration of DNA is titrated down across the lanes with the amount 
indicated above them. The probe contains human C gamma 1 sequences (pmvHc24 Apa i -Bam HI). The reference is 
germ-line or GM2146 nDNA digested with Apa l. The 3' Apa l site is 2 bp beyond the site of poly(A) addition (3). 

FIGURE 15 shows the nucleotide sequence of the V region of the L6 V H cDNA clone pH3-6a. The sequence was 

40 determined by the dideoxytermination method using M13 subclones of gene fragments (shown below). Open circles 
denote amino acid residues confirmed by peptide sequence. A sequence homologous to D SP2 in the CDR3 region is 
underlined. 

FIGURE 16 shows the nucleotide sequence of the V region of the L6 V K cDNA clone p!_3-12a. The oligonucleotide 
primer used for site-directed mutagenesis is shown below the J K 5 segment. Open circles denote amino acid residues 

45 confirmed by peptide sequence. 

FIGURE 17 shows the construction of chimeric L6-V H plus human C gamma 1 expression plasmids. Pane! (a) 
shows the sequences of the BAL-31 deletion clones Ml3mp19-Cl-delta 4 (Cl-delta 4) and M13mp19-CI-delta 21 (Cl- 
delta 21 ). The 5' end of the cDNA clone, pH3-6a, is denoted with an arrow. M1 3 sequences are underlined. The oligo- 
nucleotide primer used for this experiment is H3-6a (5 - GACTGCACCAACTGG-3'), which primes in FR1 near the 

50 mature N terminus. Panel (b) shows the strategy for site-directed mutagenesis of 1 ug of clones Cl-delta 4 and Cl-delta 
21 , each annealed to 20 ng of the 31 -mer oligonucleotide MJH2-Apal . Complementary strand synthesis with the Klenow 
fragment of DNA polymerase was at room temperature for 30 min, then 15°C for 72 hours. Transfected phage plaques 
were adsorbed to nitrocellulose, fixed with NaOH, and hybridized to 32 P-labelled MJH2- Apal oligonucleotide at 65°C, 
18 hours, in 4xTBS (0.6 M NaCI, 0.04 M Tris-HCI (pH 7.4), 0.004 M EDTA) plus 10% dextran sulfate. Final wash of 

55 the filters was at 65°C, 4xSSPE, 0.1% SDS for 15 min. (Maniatis, T, et al ., Molecular Cloning: A Laboratory Manual , 
1982). Positive plaques were detected by overnight exposure to Kodak XAR film, and were directly picked for growth 
and restriction enzyme anaysis of RF DNA. Mismatches of the MJH2-Apal oligonucleotide to the mouse C H 1 are 
denoted, resulting in the coding changes shown below the oligonucleotide. Panel (c) shows the strategy of the substi- 
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tution of each of the mutagenized L6-V H modules for the resident V H of the chimeric expression plasmid plNG201 2 to 
generate plNG2111 and plNG2112. 

FIGURE 18 shows the construction of the chimeric L6 expression plasmid plNG211 9. The Sail to Bam HI fragment 
from plNG2100 is identical to the Sail to Bam HI A fragment from plNG2012E. 

FIGURE 1 9 shows the modification of the V K gene and its use in constructing light chain and heavy plus light chain 
expression plasmids. 5 

(a) Deletion of the oligo d[GC] segment 5' of V K of L6. The oligonucleotide is a 22-mer and contains a Sail site. 
The 3 mismatches are shown. The V K gene, after mutagenesis, is joined as a Sall-Hindlll fragment to the human 
C K module. The expression plasmid thus formed is plNG211 9. 

(b) plNG2114, a heavy plus light chain expression plasmid. The expression plasmid plNG2114 contains the L6 
heavy chain chimeric gene from plNG2111 and the chimeric light chain from plNG2119 (bold line). 

FIGURE 20 shows a summary of the sequence alterations made in the construction of the L6 chimeric antibody 
expression plasmids. Residues underlined in the 5' untranslated region are derived from the cloned mouse kappa and 
heavy- chain genes. Residues circled in the V/C boundary result from mutagenesis operations to engineer restriction 
enzyme sites in this region. Residues denoted by small circles above them in the L6 heavy-chain chimera also result 
from mutagenesis. They are silenVchanges. 

FIGURE 21 shows the 2H7 V H sequence. The V H gene contains J H 1 sequences and DSP. 2 sequence elements. 
Small circles above the amino acid residues are those that matched to peptide sequences. 

FIGURE 22 shows the 2H7 V L sequence. The V K gene contains J K 5 sequences. A 22-mer oligonucleotide was 
used to place a Sail site 5' of the ATG initiator codon. Small circles above the amino acid residues are those that 
matched to peptide sequences. 

FIGURE 23 shows the chimeric immunoglobulin gene expression plasmids of the 2H7 specificity. One gene plas- 
mids are plNG2101 (V H ,neo), plNG2106 (V K ,neo) and plNG2107 (V K ,gpt). The others are two-gene plasmids. Their 
construction involved the ligation of the larger Ndel fragments of plNG2101 and plNG2l07 to linearized plNG2106 
partially digested with Ndel. pHL2-11 and pHL2-26 were obtained from plNG2101 and plNG2106; pLL2-25 was ob- 
tained from plNG2107 and plNG2106. 

FIGURE 24 shows a summary of the nucleotide changes introduced in the V H and V K in the construction of the 
chimeric plasmids. The cognate V H and V K nucleotide residues in the 5' end are underlined. Circles residues in the J- 
C junctions are derived from the human C modules. 

FIGURE 25 shows the strategy used to fuse the mature L6 chimeric light chain sequence to the yeast invertase 
signal sequence and shortened PGK promoter. The open double line represents yeast invertase signal sequence DNA. 
The solid double line represents yeast PGK DNA; -> represents the PGK promoter; -I represents the PGK terminator; 
RF = Replicative Form. plNG1225 was derived by fusing human C k DNA to the PGK promoter. plNG1149 was derived 
by fusing the yeast invertase signal sequence to the yeast PGK promoter. (A) shows the strategy for introduction by 
jnvitrg mutagenesis of an Aatl I site in the signal sequence processing site. (B) shows the DNA sequence of the single- 
stranded mutagenesis primer and the corresponding unmutagenized DNA sequence. (C) shows the strategy used to 
construct a plasmid containing the mature light chain sequence fused to the invertase signal sequence and shortened 
PGK promoter. 

FIGURE 26 shows the strategy used to fuse the mature L6 chimeric heavy chain sequence to the yeast invertase 
signal sequence and shortened PGK promoter, pi NG 1268 contains the chimeric heavy chain gene with the variable 
region from the 2H7 mouse monoclonal antibody (see example IV). All symbols are as defined in legend for Figure 25. . 

(A) shows the strategy for introduction by in vitro mutagenesis of an Sstl site in the signal sequence processing site. 

(B) shows the DNA sequence of the single-stranded mutagenesis primer and the corresponding unmutagenized DNA 
sequence. (C) shows the strategy used to construct a plasmid containing the mature heavy chain sequence fused to 
the invertase signal sequence and shortened PGK promoter. 

FIGURE 27 shows the strategy used to remove non-yeast 3' untranslated DNA sequences from the L6 chimeric 
light chain gene and to construct a plasmid containing the light chain gene fused to the invertase signal sequence and 
shortened PGK promoter in which all sequences are either known by DNA sequence analysis or proven to be functional. 
pBR322NA is derived from pBR322 by deletion of DNA from Ndel to Aual. Symbols are as defined in legend for Figure 

FIGURE 28 shows the strategy used to remove non-yeast 3' untranslated DNA sequence from the L6 chimeric 
heavy chain gene and to construct a plasmid' containing the heavy chain gene fused to the invertase signal sequence 
and shortened PGK promoter in which all sequences are either known by DNA sequence analysis or proven to be 
functional. Symbols are as'defined in legend for Figure 25. 

FIGURE 29 shows the strategy used to clone the L6 chimeric light chain gene fused to the invertase signal se- 
quence and shortened PGK promoter into yeast -E. coli shuttle vectors containing the PGK transcription termination- 
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polyadenylation signal,, yeast replication sequences, and genes for selection of transformants. Symbols are as defined 
in legend for Figure 25. 

FIGURE 30 shows the strategy used to clone the L6 chimeric heavy chain gene fused to the invertase signal 
sequence and shortened PGK promoter into yeast -E. coli shuttle vectors containing the PGK transcription termination- 
polyadenylation signal, yeast replication sequences, and genes for selection of transformants. Symbols are as defined 
in legend for Figure 25. 

FIGURE 31 shows a schematic diagram of the structure of human IgGl . 

FIGURE 32(A) shows the strategy used to introduce a stop codon and Bell site into the hinge region of human 
gamma 1 : (B) shows the DNA sequence of the single-stranded primer used for in vitro mutagenesis of the gamma-1 
hinge region and the corresponding unmutagenized sequence. Vertical arrows represent inter-chain disulfide bonds. 
Symbols are as defined in legend for Figure 25. 

FIGURE 33 shows the strategy used to fuse the L6 chimeric heavy chain gene containing a stop codon in the 
hinge region (Fd chain) to the yeast invertase signal sequence and shortened PGK promoter. Symbols are as defined 
in legend for Figure 25. 

FIGURE 34 shows the strategy used to remove non-yeast 3' untranslated sequences from the L6 chimeric Fd 
chain and to construct a plasmid containing the Fd chain fused to the invertase signal sequence and shortened PGK 
promoter in which all sequences are either known by DNA sequence analysis or proven to be functional. Symbols are 
as defined in legend for Figure 25. 

FIGURE 35 shows.the strategy used to clone the L6 chimeric Fd chain gene fused to the invertase signal sequence 
and shortened PGK promoter into yeast -E. coli shuttle vectors containing the PGK transcription termination-pbtyade- 
nylation signal, yeast replication sequence, and genes for selection of transformants. Symbols are as defined in legend 
for Figure 25. . 

FIGURE 36(A) shows the nucleotide sequence surrounding the N-terminus of the Erwinia carat ovora pel B gene 
(Lei, S.P., etal., J. Bacteriol. (1987, in press)). The Nde l and Haelll sites used in cloning are shown. The arrow indicates 
the leader peptidase cleavage site for pectate lyase. (B) shows the cloning strategy for construction of the^elB leader 
cartridge. pSS1004 contains a 1.9 kb Dral fragment cloned into the Sma l site of pUC& Symbols are defined in the 
legend for Figure 39. 

FIGURE 37 shows the construction of light chain expression plasmids pRR177-B, pRR1 80, pRR1 90, and pRR1 91 . 
In addition to the plasmids described in the text, Ml3mp18 and plTl81 were used. plTl81 contains the mature light 
chain gene fused directly following the ATG initiation codon of the araB gene in plT2 (see Figure 40). 

FIGURE 38 shows the construction of Fd expression plasmids pRR178-5, pRR186, and pRR196. 

FIGURE 39 shows the restriction maps of the light chain and Fd gene cassette in pFKlOO, pFK101, pFK102, 
pFK103, and pFK104. These plasmids were constructed as described in the text using plasmids outlined in Figure 37 
and 38. The arrow indicates the direction of transcription from thejac promoter. E. caratovora and eukaryotic non- 
coding sequences are shown as open bars. The pelB leader sequence is cross-hatched and the closed bar represents 
the antibody genes Fd and light chain (K). 

FIGURE 40(A) shows the construction of a vector for arabinose inducible Fab expression. Plasmid plT2 (Mason 
and Ray, Nucl . Acids Res. 14: 5693 (1986)) is a 6431 bp plasmid encoding the araC gene, the araB promoter, and a 
portion of the araB gene from p!NG1 (Johnston, S., et al .. Gene 34:134 (19B5)) in a derivative of pBR322. An Ncol 
site has been engineered at the ATG initiation codon of the araB gene. (B) shows the introduction of thejaci gene into 
pFK102. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS INTRODUCTION 

Generally, antibodies are composed of two light and two heavy chain molecules. Light and heavy chains are divided 
into domains of structural and functional homology. The variable regions of both light (V L ) and heavy (V H ) chains 
determine recognition and specificity. The constant region domains of light (C L ) and heavy (C H ) chains confer important 
biological properties such as antibody chain association, secretion, transplacental mobility, complement binding, and 
the like. 

A complex series of events leads to immunoglobulins gene expression in B cells. The V region gene sequences 
conferring antigen specificity and binding are located in separate germ line gene segments called V H , D and J H ; or V L 
and J L . These gene segments are joined by DNA rearrangements to form the complete V regions expressed in heavy 
and light chains respectively (Figure 1). The rearranged, joined (V L -J L and V H -D-J H ) V segments then encode the 
complete variable regions or antigen binding domains of light and heavy chains, respectively. 

DEFINITIONS 



Certain terms and phrases are used throughout the specification and claims. The following definitions are provided 
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for purposes of clarity and consistency. 

1 . Expression vector - a plasmid DNA containing necessary regulatory signals for the synthesis of mRNA derived 
from gene sequences, which can be inserted into the vector. 

2. Module vector - a plasmid DNA containing a constant or variable region gene module. 

3. Expression plasmid - an expression vector that contains an inserted gene, such as a chimeric immunoglobulin 
gene. 

4. Gene cloning - synthesis of a gene, insertion into DNA vectors, and identification by hybridization and the like 

5. Transfection - the transfer of DNA into mammalian cells. 

6. Promoter region - a nucleotide sequence which provides a cell with the regulatory sequences needed to express 
an operably linked cistron or operon. 

7. Secretion signal - a polypeptide present at the N-terminus of a chimeric immunoglobulin chain useful in aiding 
in the secretion of the chain to the outside of the host. Also called "leading peptide," or "leader."^ 

GENETIC PROCESSES AND PRODUCTS 

The invention provides a novel approach for the cloning and production of human antibodies with desired specificity. 
Generally, the method combines five elements: 

(1) Isolation of messenger RNA (mRNA) from B cell hybridoma lines producing monoclonal antibodies against 
specific antigens, cloning and cDNA production therefrom; 

(2) Preparation of Universal Immunoglobulin Gene (UIG) oligonucleotides, useful as primers and/or probes for 
cloning of the variable region gene segments in the light and heavy chain mRNA from specific human or non- 
human hybridoma cell lines, and cDNA production therefrom; 

(3) Preparation of constant region gene segment modules by cDNA preparation and cloning, or genomic gene 
preparation and cloning; 

(4) Construction of complete heavy or light chain coding sequences by linkage of the cloned specific immunoglob- 
ulin variable region gene segments of part (2) above to cloned human constant region gene segment modules; 

(5) Expression and production of light and heavy chains in selected hosts, including prokaryotic and eukaryotic 
hosts, either in separate fermentations followed by assembly of antibody molecules jn vitro, or through production 
of both chains in the same cell. 

The invention employs cloned hybridoma B cell lines producing monoclonal antibodies of defined specificity for 
the isolation of mRNA for cDNA cloning. Because many lymphoid cell lines contain highly active nucleases which 
degrade mRNA during isolation, the invention uses mRNA preparation methods specifically developed for the isolation 
of intact mRNA from cells and tissues containing active nucleases. One such method yields total RNA preparations 
by cell or tissue disruption is an ethanol-perchlorate dry ice mixture which reduces nuclease action (Lizardi P. M et 
al, Anal. Biochem.. 98: 11 6 (1 979)). This method gives intact translatable mRNA. ' ~~ 

Other methods that have been used for this invention include extraction of cells with lithium chloride plus urea 
(Auffray, C, and Rougeon, F., Eur J. Biochem. . .107: 303 (1980)) or guanidine thiocyanate (Chirgwin, J M et al 
Biochemistry , J8: 5294 (1 979)) to prepare total RNA. ' 

One universal feature of all expressed immunoglobulin light and heavy chain genes and messenger RNAs is the 
so-called J region (i.e. joining region, see Figure 1). Heavy and light chain J regions have different sequences, but a 
high degree of sequence homology exists (greater than 80%) within the heavy J H regions or the kappa light chain J 
regions. The invention provides consensus sequences of light and heavy chain J regions useful in the design of oligo- 
nucleotides (designated herein as UIGs) for use as primers or probes for cloning immunoglobulin light or heavy chain 
mRNAs or genes (Figures 2 or 7). Depending on the nature of design of a particular UIG, it may be capable of hybridizing 
to all immunoglobulin mRNAs or genes containing a single specific J sequence, such as UIG-MJH3 which detects only 
mouse J H 3 sequences (Figure 7). ' 

Another utility of a particular UIG probe may be hybridization to light chain or heavy chain mRNAs of a specific 
constant region, such as UIG-MJK which detects all mouse J K containing sequences (Figure 7). UIG design can also 
include a sequence to introduce a restriction enzyme site into the cDNA copy of an immunoglobulin gene (see Figure 
7). The invention may, for example, utilize chemical gene synthesis to generate the UIG probes for the cloning of V 
regions in immunoglobulin mRNA from hybridoma cells making monoclonal antibodies of desired antigen specificities. 

A multi-stage procedure is utilized for generating complete V+C region cDNA clones from hybridoma cell light and 
heavy chain mRNAs. In the first stage, the invention utilizes UIG probes as "primers" for reverse transcriptase copying 
of the complete V region and leader coding sequences of heavy and light chain mRNAs (Figure 3). The complementary 
strand of the primer extended cDNA is then synthesized, and this double-stranded cDNA is cloned in appropriate cDN A 
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c oning vectors such as pBR322 (Gubler and Hoffman, Gene. 25: 263 (1983)) or pQ23 (Figure 5; Maniatis, T et al 
Molecular Cloning: A Laboratory Manual , Cold Spring Harbor Laboratory Publications, New York page 224 (1982))' 
Clones are screened for specific hybridization with UIG oligonucleotide probes. Positive heavy and light chain clones 
ident.fied by this screening procedure are mapped and sequenced to select those containing V region and leader 
coding sequences. s 

An alternative method is to make cDNA clones using oligo-dT as a primer, followed by selection of light and heavy 
chain clones by standard hybridization methods. 37 

,k A !T!? 6 Uti ?° S C ' 0nin9 ° f C re9i0n 9ene se 9™nts to form heavy and light chain module vectors. In one 
method cDNA clones of human heavy and light chain immunoglobulin mRNA are prepared. These cDNA clones are 
then converted mto C region module vectors by site^irected mutagenesis to place a restriction site at a desired location 
near a boundary of the constant region. An alternative method utilizes genomic C region clones as the source for C 
region module vectors. 

A third stage of cDNA cloning involves the generation of complete light and heavy chain coding sequences with 
linked V and C regions. The cloned V region segments generated as above are excised and ligated to light or heavy 
chain c region module vectors. For example, one can clone the complete human kaepa light chain C region and the 
complete human gamma, C region. In addition, one can modify a human gamma 1 region and introduce a termination 
codon, thereby obtain a gene sequence which encodes the heavy chain portion of an Fab molecule 

The coding sequences having operationally linked V and C regions are then transferred into appropriate expression 
systems for expressioo in appropriate hosts, prokaryotic or eukaryotic. Operationally linked means in-frame joining of 
SSrame" 065 l ° 3 COntinUOUSly translatable 9ene sequence without alterations or interruptions of the triplet 

One particular advantage of using cDNA genetic sequences in the present invention is the fact that they code 
con inuously for immunoglobulin chains, either heavy or light. By 'continuously is meant that the sequences do not 
contain introns (i.e. are not genomic sequences, but rather, since derived from mRNA by reverse transcription are 
sequences o contiguous exons). This characteristic of the cDNA sequences provided by the invention allows them to 
be expressible in prokaryotic hosts, such as bacteria, or in lower eukaryotic hosts, such as yeast 

Another advantage of cDNA cloning methods is the ease and simplicity of obtaining V region gene modules 

The term non-human" as used in the invention is meant to include any animal other than a human wherein an 
immune response can be generated which then leads to usable B cells resulting in corresponding hybridomas or B 
ce clones obtainedby viral transformation and the like. Such animals commonly include rodents such as the mouse 
or the rat. Because of ease of preparation and great availability, the mouse is at present the preferred, non-human 
animal. Mouse-mouse hybridomas are thus utilized as the preferred sources for heavy and light chain variable regions 

Preferably, the invention provides entire V and/or C region cDNA sequences. This means that the sequences code 
for substantially operable V and/or C regions, without lacking any major structural portions thereof 

The terms "constant- and "variable" are used functionally to denote those regions of the immunoglobulin chain 
either heavy or light chain, which code for properties and features possessed by the variable and constant regions in 
natural non-ch,meric antibodies. As noted, it is not necessary for the complete coding region for variable or constant 
regions to be present, as long as a functionally operating region is present and available 

A T?^ c ° f A !.?nuto y i!^ maS aVailab ' e for ,he P re P aration ° f ^RNA. For example, see the catalogue 
t 22 t. , N ° HYBRIDOMAS . December, 1984. American Type Culture Collection, 12301 Parklawn Drive 
Rockvi.le, Maryland 20852, U.S.A., pages 5-9 and the ECACC Catalogue, 2nd Edition; PHLS CAMR Porton Down' 
Salisbury, W,l s; SP40JG, U.K. pages 30-35 and 40-46. Hybridomas secreting monoclonal antibodies reactive to a 
wide variety of antigens are listed therein, are available from the collection, and usable in the invention. Of particular 
!at^ up, n° maS S6Cretin9 antibodies whi <* are reac,iv e with viral antigens, including Dengue complex specific 
ul ,2 ,f } ' 9Ue ,yPe 1 VirUS (ATCC HB 47) ' Den 9 ue *P e 2 virus < ATCC HB 46), Dengue type 3 virus (ATCC 
HB 49), Dengue type 4 virus (ATCC HB 48), Epstein-Barr receptor (ATCC HB 1 35), Flavivirus group (ATCC HB 11 2) 

TlSrr hr«S an !i 9en (ATCC ? R T L 801 7 and 801 8) ' herpes simp,ex *e e 1 < ATCC HB 806S >' her Pes si ^P'^ type 
II (ATCC HB 8067), influenza virus (ATCC CL 189). influenza A virus, matrix protein (ATCC HB 64). influenza A virus 
nucleoprotein (ATCC HB 65). influenza A Bangkok/1 /79H A (ATCC HB 66), influenza AWSN NP (ATCC HB 67) SV40 

!xrr t.« 9 ,Z {A I°° T ! B 115) ' SV4 ° ' ar9e Tan,i9en " C " terminal (ATCC TIB 117). and SV40 nonviral T antigen * 
(ATCC TIB 116). Examples of other hybridomas include those secreting antibodies to tumor associated antigens or to 
human lymphocyte antigens, such as those reactive to human tumor-associated CEA, high mw (ATCC CRL 8019)- 

^r an riTrnMT^ t t d ^" fe,0Pr0tein ' ' 9Gl * (ATCC HB 134 > : human B lymphocyte HLA-DR, monomorphic, 
lgG 2b (ATCC HB 104); human T lymphocyte T cell precursors, IgG, (ATCC CRL 8022); human T lymphocyte T cell 
subset, helper, lgG 2b (ATCC CRL 8002); T subset, suppressor/cytotoxic, human. lg Gl (ATCC CRL B01 3); T cell subset 
suppressor/cytotoxic, human, IgG^ (ATCC CRL 8014); T cells, peripheral, human, IgG, (ATCC CRL 8000)- T cells' 
peripheral, human, lgG 2a (ATCC CRL 8001); thymocytes, "common," human, IgG, (ATCC CRL 8020) 

These lines and others of similar nature can be utilized to copy the mRNA coding for variable region, using the 
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UIG probes. Of particular interest are antibodies with specificity to human tumor antigens. 

Expression vehicles include plasmids or other vectors. Preferred among these are vehicles carrying a functionally 
complete human constant heavy or light chain sequence having appropriate restriction sites engineered so that any 
variable heavy or light chain sequence with the appropriate cohesive ends can be easily inserted thereinto. Human 
constant heavy or light chain sequence-containing vehicles are thus an important embodiment of the invention. These 
vehicles can be used as intermediates for the expression of any desired complete heavy or light chain in any appropriate 
host. 

One preferred host is yeast. Yeast provides substantial advantages for the production of immunoglobulin light and 
heavy chains. Yeasts carry out post-translational peptide modifications including glycosylation. A number of recom- 
binant DNA strategies now exist which utilize strong promoter sequences and high copy number plasmids which can 
be used for overt production of the desired proteins in yeast. Yeast recognizes leader sequences on cloned mammalian 
gene products and secretes peptides bearing leader sequences (i.e. propeptides) (Hitzman, et aL, 11th International 
Conferenceon Yeast, Genetics and Molecular Biology, Montpelier, France, September 13-17, 1982). 

Yeast gene expression systems can be routinely evaluated for the level of heavy and light chain production, protein 
stability, and secretion. Any of a series of yeast gene expression systems incorporating promoter and termination 
elements from the actively expressed genes coding for glycolytic enzymes produced in large quantities when yeasts 
are grown in mediums rich in glucose can be utilized. Known glycolytic genes can also provide very efficient transcription 
control signals. For example, the promoter and terminator signals of the iso-1 -cytochrome C (CYC-1) gene can be 
utilized. 

The following approach can be taken for evaluating optimal expression plasmids for the expression of cloned 
immunoglobulin cDNAs in yeast. 

(1) The cloned immunoglobulin DNA linking V and C regions is attached to different transcription promoters and 
terminator DNA fragments; 

(2) the chimeric genes are placed on yeast plasmids used for protein overproduction (see, for example, Beggs, J. 
P., Molecular Genetics and Yeast Alfred Benzon Symposium, 16, Copenhagen (1981)); 

(3) Additional genetic units such as a yeast leader peptide may be included on immunoglobulin DNA constructs 
to obtain antibody secretion. 

(4) A portion of the sequence, frequently the first 6 to 20 codons of the gene sequence may be modified to represent 
preferred yeast codon usage. 

(5) The chimeric genes are placed on plasmids used for integration into yeast chromosomes. 

The following approaches can be taken to simultaneously express both light and heavy chain genes in yeast. 

(1 ) The light and heavy chain genes are each attached to a yeast promoter and a terminator sequence and placed 
on the same plasmid. This plasmid can be designed for either autonomous replication in yeast or integration at 
specific sites in the yeast chromosome. 

(2) The light and heavy chain genes are each attached to a yeast promoter and terminator sequence on separate 
plasmids containing different selective markers. For example, the light chain gene can be placed on a plasmid 
containing the trgl gene as a selective marker, while the heavy chain gene can be placed on a plasmid containing 
ura 3 as a selective marker. The plasmids can be designed for either autonomous replication in yeast or integration 
at specific sites in yeast chromosomes. A yeast strain defective for both selective markers is either simultaneously 
or sequentially transformed with the plasmid containing light chain gene and with the plasmid containing heavy 
chain gene. 

(3) The light and heavy chain genes are each attached to a yeast promoter and terminator sequence on separate 
plasmids each containing different selective markers as described in (2) above. A yeast mating type "a" strain 
defective in the selective markers found on the light and heavy chain expression plasmids (trgl and ura3 in the 

• above example) is transformed with the plasmid containing the light chain gene by selection for one of the two 
selective markers (tool in the above example). A yeast mating type "alpha" strain defective in the same selective 
markers as the "a" strain (i.e. trp1 and ura3 as examples) is transformed with a plasmid containing the heavy chain 
gene by selection for the alternate selective marker (i.e. ura3 in the above example). The "a" strain containing the 
light chain plasmid (phenotype: Trp + Ura- in the above example) and the strain containing the heavy chain plasmid 
(phenotype: Trp- Ura + in the above example) are mated and diploids are selected which are prototrophic for both 
' of the above selective markers (Trp + Ura + in the above example). 

Among bacterial hosts which may be utilized as transformation hosts, E. coli K12 strain 294 (ATCC 31446) is 
particularly useful. Other microbial strains which may be used include E. coli X1 776 (ATCC 31 537). The aforementioned 
strains, as well as E. coti W3110 (ATCC 27325) and other enterobacteria such as Salmonella typhimurium or Serratia 
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marcescens , and various Pseudomonus species may be used. 

In general, plasmid vectors containing replicon and control sequences which are derived from species compatible 
with a host cell are used in connection with these hosts. The vector ordinarily carries a replication site, as well as 
specific genes which are capable of providing phenotypic selection in transformed cells. For example, E. coli is readily 
transformed using pBR322, a plasmid derived from an E. coli species (Bolivar, et al ., Gene , 2: 95 (1977)). pBR322 
contains genes for ampicillin and tetracycline resistance, and thus provides easy means for identifying transformed 
cells. The pBR322 plasmid or other microbial plasmids must also contain, or be modified to contain, promoters which 
can be used by the microbial organism for expression of its own proteins. Those promoters most commonly used in 
recombinant DNA construction include the beta-lactamase (penicillinase) and lactose (beta-galactosidase) promoter 
systems (Chang et al ., Nature , 275 : 615 (1978); Itakura et al ., Science , 198 : 1056 (1977)); and tryptophan promoter 
systems (Goeddel et al ., Nucleic Acids Research , 8: 4057 (1 980); EPO Publication No. 0036776). While these are the 
most commonly used, other microbial promoters.have been discovered and utilized. 

For example, a genetic construct for any heavy or light chimeric immunoglobulin chain can be placed under the 
control of the leftward promoter of bacteriophage lambda (P L ). This promoter is one of the strongest known promoters 
which can be controlled. Control is exerted by the lambda repressor, and adjacent restriction sites are known. 

The expression of the immunoglobulin chain sequence can also be placed under control of other regulatory se- 
quences which may be -homologous" to the organism in its untransformed state. For example, lactose dependent E. 
coli chromosomal DNA comprises a lactose or lac operon which mediates lactose digestion by elaborating the enzyme 
beta-galactosidase. The lac control elements may be obtained from bacteriophage lambda pLAC5, which is infective 
for E. coli. The lac promoter-operator system can be induced by IPTG. 

Other promoter/operator systems or portions thereof can be employed as well. For example, arabinose, colicine 
E1 , galactose, alkaline phosphatase, tryptophan, xylose, tac, and the like can be used. Other bacterial gene expression 
control elements can be utilized to achieve the expression of. immunoglobulin proteins. For example, a gene with a 
bacterial secretion signal peptide coding region can be expressed in bacteria, resulting in secretion of the immunoglob- 
ulin peptide which was originally linked to the signal peptide. 

Other preferred hosts are mammalian cells, grown in vitro in tissue culture, or in vivo in animals. Mammalian cells 
provide post-translational modifications to immunoglobulin protein molecules including. leader peptide removal, correct 
folding and assembly of heavy and light chains, glycosylation at correct sites, and secretion of functional antibody 
protein from the cell as H 2 L 2 molecules. 

Mammalian cells which may be useful as hosts for the production of antibody proteins include cells of fibroblast 
origin, such as Vero (ATCC CRL 81) or CHO-K1 (ATCC CRL 61), or cells oflymphoid origin, such as the hybridoma 
Sp2/0-Ag14 (ATCC CRL 1581) or the myleoma P3X63AgB (ATCC TIB 9), and its derivatives. 

Several possible vector systems are available for the expression of cloned heavy chain and light chain genes in 
mammalian cells. One class of vectors utilizes DNA elements which provide an autonomously replicating extrachro- 
mosomal plasmid, derived from animal viruses, such as bovine papillomavirus (Sarver, N. et al. , Proc. Natl. Acad. Sci., 
USA, 79: 7147 (1982)), polyoma virus (Deans, R. J. et al., Proc. Natl. Acad. Sci., USA , B1: 1292 (1984)), or SV40 virus 
(Lusky, M. and Botchan, M., Nature , 293 : 79 (1 981)). A second class of vectors relies upon the integration of the desired 
gene sequences into the host cell chromosome. Cells which have stably integrated the introduced DNA into their 
chromosomes can be selected by also introducing drug resistance genes such as_E coli^gpj (Mulligan, R. C. and Berg, 
P., Proc. Natl. Acad. Sci.. USA , 78: 2072 (19B1)) orTnSneo (Southern, P. J. and Berg, P., J. Mol. Appl. Genet. . 1: 327 

(1982) ). The selectable marker gene can be either directly linked to the DNA gene sequences to be expressed, or 
introduced into the same cell by co-transfection (Wigler, M. et al., Cell , 16 : 77 (1 979)). 

Since an immunoglobulin cDNA is comprised only of sequences representing the mature mRNA encoding an 
antibody protein or its precursor, additional gene expression elements regulating transcription of the gene and process- 
ing of the RNA are required for optimal synthesis of immunoglobulin mRNA. These elements may include splice signals, 
as well as transcription promoters including inducible promoters, enhancers, and termination signals. cDNA expression 
vectors incorporating such elements include those described by Okayama, H. and Berg, P., Mol. Cell Biol. , 3. 280 

(1983) ; Cepko, C. L. et al. , Cell , 37: 1053 (1984); and Kaufman, R.J., Proc. Natl. Acad. Sci., USA , 82:689 (1985). 
An approach to evaluate optimal vectors for the expression of immunoglobulin cDNA in mammalian cells involves 

first placing the immunoglobulin DNA sequences into vectors capable of stably integrating into the cell genome, or 
replicating autonomously as an extrachromosomal plasmid. The vectors can be used to evaluate different gene ex- 
pression elements for optimal immunoglobulin synthesis. 

An additional advantage of mammalian cells as hosts is their ability to express chimeric immunoglobulin genes 
which are derived from genomic sequences. Thus, mammalian cells may express chimeric immunoglobulin genes 
which are comprised of a variable region cDNA module plus a constant region which is composed in whole or in part 
of genomic "sequences. Several human constant region genomic clones have been described (Ellison, J. W. et al. , 
Nucl. Acids Res. , 10: 4071 (1982), or Max, E. et al., Cell, 29: 691 (1982)). The use of such genomic sequences may 
be convenient for the simultaneous introduction of immunoglobulin enhancers, splice signals, and transcription termi- 
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nation signals along with the constant region gene segment. 

Different approaches can be followed to obtain complete H 2 L 2 antibodies. 

First, one can separately express the light and heavy chains followed by in vitro assembly of purified light and 
heavy chains into complete H 2 L 2 IgG antibodies. The assembly pathways used for generation of complete H 2 L 2 IgG 
molecules in cells have been extensively studied (see, for example, Schartf, M., Harvey Lectures , 69: 125 (1974)). ]n 
vitro reaction parameters for the formation of IgG antibodies from reduced isolated light and heavy chains have been 
defined by Beychok, S., Cells of Immunoglobulin Synthesis . Academic Press, New York, page 69, 1979. 

Second, it is possible to co-express light and heavy chains in the same cells to achieve intracellular association 
and linkage of heavy and light chains into complete H 2 L 2 IgG antibodies. The co-expression can occur by using either 
the same or different plasmids in the same host. 

In a preferred embodiment, the co-expression can occur with aid of secretion signals useful in yeast or bacteria. 
Under such conditions, fully folded and assembled H 2 L 2 immunoglobulins can be obtained. 

Also, preparation of chimeric Fab fragments can be carried out by the methods of the invention. 

The methods described herein can also be used to switch the class of any antibody of a given specificity and class 
to an antibody of the same specificity but of a different class, whether human or non-human. : For example, human IgM 
antibodies, can be transmuted to human IgG antibodies by preparing constructs containing human constant IgG cDNA 
or genomic sequences, linked to variable human cDNA sequences obtained'from a cell producing the original IgM 
antibody. These constructs are then introduced into appropriate hosts and expressed. 

POLYPEPTIDE PRODUCTS 

The invention provides "chimeric" immunoglobulin chains, either heavy or light. A chimeric chain contains a con- 
stant region substantially similar to that present in the heavy chain of a natural human immunoglobulin, and a variable 
region having any desired antigenic specificity. The variable region is either from human or non-human origin. 

The invention also provides immunoglobulin molecules having heavy and light chains associated so that the overall 
molecule exhibits desired binding and recognition properties. Various types of immunoglobulin molecules are provided: 
monovalents divalent, dispecrfic (i.e., with different variable regions), molecules with chimeric heavy chains and non- 
chimeric light chains, or molecules with variable binding domains attached to peptide moieties carrying desired func- 
tions. 

Antibodies having chimeric heavy chains of the same or different variable region binding specificity and non-chi- 
meric (i.e., all human or all non-human) light chains, can be prepared by appropriate association of the needed polypep- 
tide chains. These chains are individually prepared by the modular assembly methods of the invention. 

Chimeric Fab fragments are also part of this invention. 

USES 

The antibodies of the invention having human constant region can be utilized for passive immunization, especially 
in humans, without negative immune reactions such as serum sickness or anaphylactic shock. The antibodies can, of 
course, also be utilized in prior art immunodiagnostic assays and kits, in labelled form for in vitro imaging, wherein the 
label can be a radioactive emitter, or an ISIMR contrasting agnet such as a carbon-1 3 nucleus, or an X-ray contrasting 
agent, such as a heavy metal nucleus. The antibodies can also be used in vitro localization of antigens by appropriate 
labelling. 

The antibodies can be used for therapeutic purposes by themselves in complement mediated lysis or can be 
coupled to toxins or other therapeutic moieties. 

Class switching of antibodies is useful when it is desired to change the association, aggregation or other properties 
of antibodies obtained from cell fusion or hybridoma technology. For example, most human-human monoclonals are 
of the IgM class, which are known for their ease of reduction and aggregation; Changing such antibodies to other 
antibody types, such as IgG, IgA, or IgE, is thus of great benefit. 

Mixed antibody-enzyme molecules can be used for immunodiagnostic methods, such as ELISA. Mixed antibody- 
peptide effector conjugates can be used for targeted delivery of the effector moiety with a high degree of efficacy and 
specificity. 

Having now generally described the invention, the same will be further understood by reference to certain specific 
examples which are included herein for purposes of illustration only and are not intended to be limiting unless otherwise 
specified.. 
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EXPERIMENTAL 
Materials and Methods 
Tissue Culture Cell Lines 

The human cell lines GM21 46 and GM1 500 were obtained from the Human Mutant Cell Repository (Camden, New 
Jersey) and cultured in RPMI1640 plus 10% fetal bovine serum (M. A. Bioproducts). The cell lines Sp2/0 and CRL 
8017 were obtained from the American Type Culture Collection and grown in Dulbecco's Modified Eagle Medium 
(DMEM) plus 4.5 g/l glucose (M. A. Bioproducts) plus 10% fetal bovine serum (Hyclone, Sterile Systems, Logan, Utah). 
Media were supplemented with penicillin/streptomycin (Irvine Scientific, Irvine, California). 

Recombinant Plasmid and Bacteriophage DNAs 

The plasmids pBR322, pL1 and pUC12 were purchased from Pharmacia P-L Biochemicals (Milwaukee, Wiscon- 
sin). The plasmids pSV2-neo and pSV2-ci£t were obtained from BRL (Gaithersburg, Maryland), and are available from 
the American Type Culture Collection (Rockville, Maryland). pHu -gamma -1 is a subclone of the 8.3 Kb Hindlll to Bam Hl 
fragment of the human lgG1 chromosomal gene. A separate isolation of the human lgG1 chromosomal gene is de- 
scribed by Ellison, J. W. et al., Nucl. Acids Res. . 10: 4071 (.1982). MBalphaRXI 2 contains the 0.7 Kb Xbal to EcoRI 
fragment containing the mouse heavy chain enhancer from the J-C intron region of the M603 chromosomal gene 
(Davis, M. et aL, Nature , 283 : 733) inserted into M1 3mp1 0. G-tailed pUC9 was purchased from Pharmacia P-L. DNA 
manipulations involving purification of plasmid DNA by buoyant density centrif ugation, restriction endonuclease diges- 
tion, purification of DNA fragments by agarose gel electrophoresis, ligation and transformation of E. coil were as de- 
scribed by Maniatis, T et aL, Molecular Cloning: A Laboratory Manual . (1982). Restriction endonucleases and other 
DNA/RNA modifying enzymes were purchased from Boehringer-Mannheim (Indianapolis, Indiana), BRL, New England 
Biolabs (Beverly, Massachusetts) and Pharmacia P-L. 

Oligonucleotide Preparation 

Oligonucleotides were either synthesized by the triester method of Ito et al (Nucl. Acids Res. , JO: 1755 (1982)), 
or were purchased from ELESEN, Los Angeles, California. Tritylated, deblocked oligonucleotides were purified on 
Sephadex-G50, followed by reverse-phase HPLC with a 0-25% gradient of acetonitrile in 10mM triethylamine-acetic 
acid, pH 7.2, on a C18 uBondapak column (Waters Associates). Detritylation was in 80% acetic acid for 30 min., 
followed by evaporation thrice. Oligonucleotides were labeled with [gamma- 32 P]ATP plus T4 polynucleotide kinase. 

RNA Preparation and Analysis 

Total cellular RNA was prepared from tissue culture cells by the method of Auffray, C. and Rougeon, F. (Eur. J. 
Biochem. , J07: 303 (1980)) or Chirgwin, J. M. et aL (Biochemistry , J_S: 5294 (1979)). Preparation of poly(A) + RNA, 
methyl-mercury agarose gel electrophoresis, and "Northern" transfer to nitrocellulose were as described by Maniatis, 
T et aL, supra . Total cellular RNA or poly(A) + RNA was directly bound to nitrocellulose by first treating the RNA with 
formaldehyde (White, B. A. and Bancroft, F. C, J. Biol. Chem. . 257 : 8569 (1982)). Hybridization to filterbound RNA 
was with nick-translated DNA fragments using conditions described by Margulies, D. H. et aL (Nature , 295 : 168 (1982)) 
or with 32 P-labelled oligonucleotide using 4xSSC, 10X Denhardt's, 100 ug/ml salmon sperm DNA at 37°C overnight, 
followed by washing in 4xSSC at 37°C. 

cDNA Preparation and Cloning 

Oligo-dT primed cDNA libraries were prepared from poly(A) + RNA from GM1 500 and GM21 46 cells by the methods 
of Land, H. et aL (Nucl. Acids Res. . 9: 2251 (1981)) and Gubler, V. and Hoffman, B. J., Gene , 25: 263 (1983), respec- 
tively. The cDNA libraries were screened by jn sjty hybridization (Maniatis, T, supra ) with 32 P-labelled oligonucleotides 
using the conditions shown above, or with nick-translated DNA fragments using the conditions of de Lange et aL (Cell , 
34: 891 (1983)). 

Oligonucleotide Primer Extension and Cloning 

Poly(A) + RNA (20 ug) was mixed with 1 .2 ug primer in 40 ul of 64mM KCL After denaturation at 90°C for 5 min. 
and then chilling in ice, 3 units Human Placental Ribonuclease Inhibitor (BRL) was added in 3 ul of 1M Tris-HCI, pH 
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8.3. The oligonucleotide was annealed to the RNA at 42°C for 15 minutes, then 12 ul of .05M DTT, .05M MgCI 2 , and 
1 mM each of dATP, dTTP, dCTP, and dGTP was added. 2 ul of alpha- 32 P-d ATP (400 Ci/mmol, New England Nuclear) 
was added, followed by 3 ul of AMV reverse transcriptase (19 units/ul, Life Sciences). 

After incubation at 42°C for 105 min., 2 ul 0.5 M EDTA and 50 ul 10mM Tris, 1mM EDTA, pH 7.6 were added. 
Unincorporated nucleotides were removed by Sephadex G-50 spun column chromatography, and the RNA-DNA hybrid 
was extracted with phenol, then with chloroform, and precipitated with ethanol. Second strand synthesis, homopolymer 
tailing with dGTP or dCTP, and insertion into homopolymer tailed vectors was as described by Gubler and Hoffman, 
supra . 

She-Directed Mutagenesis 

Single stranded M1 3 subclone DNA (1 ug) was combined with 20 ng oligonucleotide primer in 1 2.5 ul of Hin buffer 
(7 mM Tris-HCI, pH 7.6, 7 mM MgCI 2 , 50 mM NaCI). After heating to 95°C in a sealed tube, the primer was annealed 
to the template by slowly cooling from 70°C to 37°C for 90 minutes. 2 ul dNTPs (1 mM each), 1 ul 32 P-dATP (10 uCi), 
1 ul DTT (0.1 M) and 0.4 ul Klenow DNA Poll (2u, Boehringer Mannheim) were added and chains extended at 37°C 
for 30 minutes. To this was added 1 ul (10 ng) M13 reverse primer (New England Biolabs), and the heating/annealing 
and chain extension steps were repeated. The reaction was stopped with 2 ul of 0.5M EDTA, pH 8, plus 80 ul of 10 
mM Tris-HCI, pH 7.6, 1 mM EDTA. The products were phenol extracted and purified by Sephadex G-50 spun column 
chromatography and e.thanol precipitated prior to restriction enzyme digestion and ligation to the appropriate vector. 

Transfection of Myeloma Tissue Culture Cells 

A variation of the method of Ochi, A. et aL (Nature , 302 : 340 (1983)) was used for protoplast fusion. 50 ml of 
bacteria at A^q of 0.7 were converted to protoplasts by the method of Sandri-Goldin, R. M. et aL (Mol. Cell. Biol. . V. 
743 (1981)), then diluted with 20 ml DMEM plus 10% FBS (final volume is 25 ml). Sp2/0 cells were harvested, pelleted 
at 2,200 x 3, washed, repelleted and resuspended in DMEM at 2-5x10 6 /ml. Bacterial protoplasts (10 ml) were mixed 
with 1 0x1 0 6 Sp2/0 cells and pelleted by centrif ugation at 4,000 xg at,22°C for 20 min. After pipetting off the supernatant, 
the pellet was suspended in the remaining drop of medium by flicking the tube. 2ml of 1 0% DMSO, 37% (w/v) PEG6000 
(Kodak) in DMEM was added dropwise with mixing over 45 sec. After 15 sec, 2 ml of 42% PEG6000 in DMEM was 
added over 45 sec. Complete DMEM (45 ml) was slowly added with mixing. Cells were pelleted at 2500 x a,, then 
washed and pelleted thrice. 

The electroporation method of Potter, H. et aL (Proc. Natl. Acad. ScL USA , 81 : 7161 (1984)) was used. After 
transfection, cells were allowed to recover in complete DMEM for 48-72 hours, then were seeded at 10,000 to 50,000 
cells per well in 96-well culture plates in the presence of selective medium. G418 (GIBCO) selection was at 0.8 mg/ 
ml, mycophenolic acid (Calbiochem) was at 6 ug/ml plus 0.25 mg/ml xanthine, and HAT (Sigma) was at the standard 
concentration. 

Assays for Immunoglobulin Synthesis and Secretion 

Secreted immunoglobulin was measured directly from tissue culture cell supernatants. Cytoplasmic protein extract 
was prepared by vortexing 1x10 s cells in 160 ul of 1% NP40, 0.15 M NaCI, 10 mM Tris, 1 mM EDTA, pH 7.6 at 0°C, 
15 minutes, followed by centrif ugation at 10,000 x cj to remove insoluble debris. 

Double antibody sandwich ELISA (Voller, A. et aL, in Manual of Clinical Immunology , 2nd Ed., Eds. Rose, N. and 
Friedman, H, pp. 359-371, 1980) using affinity purified antisera was used to detect specific immunoglobulins. For 
detection of human IgG, the plate-bound antiserum is goat anti-human IgG (KPL, Gaithersburg, Maryland) at 1/1000 
dilution, while the peroxidase-bound antiserum is goat anti-human IgG (KPL or Tago, Burlingame) at 1/4000 dilution. 
For detection of human immunoglobulin kappa , the plate-bound antiserum is goat anti-human kappa (Tago) at 1/500 
dilution, while the peroxidase-bound antiserum is goat anti-human kappa (Cappel) at 1/1000 dilution. 

Antibodies binding hepatitis B surface antigen were detected using a commercial (Abbott, AUSAB) assay. 

EXAMPLES 

The following examples show the preparation of chimeric antibodies each having a human constant region and a 
non-human variable region. These examples outline the step-by-step process of preparing the chimeric antibodies. 
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EXAMPLE I: Human Antibody Constant Region Gene Modules and cDNA Expression Vectors 

(1) Preparation of cDNA Clones, and Vehicles Containing Same, for Heavy Chain Human Constant Region 

The cell line GM21 46 was used as the source in rnRNA preparation and cDNA cloning. This cell line secretes IgGI 
(Simmons, J. G. et aL , Scand. J. Immunol.. J4: 1 -1 3, 1 981 ). Tests of this eel! line indicated that it secretes Ig A as well 
as IgG. 

The cell line was cloned, and results indicated that five of six subclones secreted IgG only, while one of six subclones 
secreted IgA only. Poly(A) + RNA was prepared from the cell line and a cDNA library was prepared from the poly(A) + 
RNA by the method of Gubler, U. and Hoffman, B. J., Gene , 25: 263-269 (1 9B3). An initial plating of the cDNA trans- 
formed into E. coli strains HB101 and RR1 yielded a total of 1500 colonies, which were screened by hybridization to 
a Hindlll to Bam HI fragment of a genomic clone of human lgG1 (pHu -gamma -1). Four positive clones were found. A 
fragment containing, the CH3 coding region of one of these clones, pGMH-3 (Figure 4), was used to rescreen the 
original library plus a new transformation of approximately 5000 colonies. Two of the largest clones, pGMH-6 and 
pGMH-15, were analyzed by restriction enzyme digestion (Figure 4). Both clones contained the entire constant region 
of human lgG1 , although it was discovered that pGMH-6 had deleted approximately 1 500 base pairs of pBR322 DNA, 
apparently without affecting the lgG1 cDNA sequences. 

Clone pGMH-6 provided the lgG1 constant region module in the construction of cloning vectors for heavy chain 
variable region cloning. 

(2) Preparation of cDNA Clones, and Vehicles Containing Same, for Light Chain Human Constant Region 

A human cell line (GM1500) producing lgG 2 K was selected for the initial cloning phase. Poly(A) + RNA prepared 
from GM1500 is active in in vitro translation using rabbit reticulocyte extracts. A cDNA library was prepared from this 
RNA by the method of Land et aL, Nucl. Acids Res. . 9: 2251-2266 (1981), utilizing Kpnl digested and dG-tailed pQ23 
as the cloning vector (Figure 5). This vector contains Bqlll. Kpn l and Sstl sites inserted between the Bam HI and Sail 
sites of pBR322. 

In order to identify the cDNA clones generated from GM1 500 RNA which correspond to light chain rnRNA, a DNA 
probe, UIG-HuK, was synthesized and purified. The UIG-HuK oligonucleotide has the sequence 5'-AGCCACAGT- 
TCGTTT-3', and is designed to hybridize to all functional human kappa rnRNA species at the J-C junction. This probe 
was used to prime cDNA synthesis on GM1500 RNA in the presence of dideoxy nucleotides and reverse transcriptase. 
From 1.2 ug of total GM1500 poly(A) + RNA was used in this experiment, the entire J sequence and some of the V 
region was read, demonstrating that (1 ) GM1500 RNA is intact, (2) the kappa probe is of the correct sequence, and 

(3) GM1 500 light chain rnRNA contains J K 4 sequences. 

cDNA clones positive for hybridization to the light chain probe were selected. Since the probe hybridizes to the J- 
C junction, the most important point was to determine if the clones had complete constant region sequence in addition 
to the J region. 

Insert sizes for the two largest kappa cDNA clones were 0.6 and 0.9 kb; restriction enzyme mapping indicated that 
the entire constant region coding sequence was present in both cloqes (Figure 6). The human kappa cDNA clone 
pK2-3 was used to make the light chain constant region vector plNG2001 by inserting the Sau3A fragment comprising 
the human kappa constant and J regions into the Bell site of pBR325 (Figure 6B). 

A variant of the human kappa cDNA clone was made by placing a Hindlll site in the J region. This was carried out 
by in vitro mutagenesis using a J K HINDIII oligonucleotide primer (Figure 7c). The resultant plasmid is pGML60. 

A vector, plNG2003, was constructed for the transfer and expression of cDNA sequences in mammalian cells 
(Figure 10). This vector was constructed from pUC12 and two plasmids containing SV40 sequences. pL1 provides an 
SV40 early region promoter and an SV40 late region splice sequence. pSV2-neo sequences provide a selectable 
marker for mammalian cell transformation and SV40 polyadenylation signal sequences. pUC12 provides a multiple 
cloning site for cDN A insertion. 

The plNG2003 vector has several useful restriction sites for modifications. These include a Hindlll site useful for 
the insertion of enhancer sequences, and a Hindlll to Xhol fragment useful for the insertion of alternate promoter 
sequences. This vector is useful in the expression of cDNA genes in mammalian cells. 

Addition of Enhancer Element to plNG2003 

Immunoglobulin enhancer elements have been shown to enhance transcription of genes in their vicinity in stably 
transformed mouse myeloma cells by several hundred fold (Gillies, S. D. et aL , Cell, 33; 71 7, 1 983; and Banerji, J. et 
aL Cell, 33: 729, 1983). To facilitate expression of the mouse- human immunoglobulin genes in mouse myeloma cells, 
the mouse immunoglobulin heavy chain enhancer element was added to the cDNA expression vector pi NG2003 (Figure 
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1 0). The mouse heavy chain enhancer region DNA was isolated from an M1 3 subclone of mouse heavy chain genomic 
DNA (M8 -alpha -RX12, Deans, R. J., unpublished). DNA isolated from a Sail plus EcoRI digestion of this subclone was 
modified with Hindlll linkers and inserted into the Hindlll site of plNG2003, resulting in the new cDNA expression vector 
plNG2003E. This vector is useful in the efficient expression of cDNA genes in mammalian celts, particularly mouse 
s myeloma or hybridoma cell lines. 

EXAMPLE H : Human-Mouse Chimeric Anti-HBsAG Antibody Chain 

(1) Preparation of cDNA Clones and Vehicles Containing Same, for Heavy Chain Mouse Anti-HBsAg Variable Region. 

10 

The cell line CRLB017 was obtained from the ATCC and subcloned. Subclones were grown and tested for mouse 
IgG anti-hepatitis B binding activity using a commercially available anti-HBsAg detection kit. Three positive subclones 
were found. Poly(A) + RNA was prepared from one of these subclones, and was fractionated on a methylmercury 
agarose gel. The RNA contained intact light chain. and heavy chain mRNA's as inferred from specific hybridization to 

i £ kappa UIG-MJK primer, and to the mouse heavy chain UIG-MJH3 probe (see Figure 7). In addition, the UIG-MJK 
primer was used for specific priming of anti-HBsAg poly(A) + RNA in a dideoxy sequencing reaction. Sufficient sequence 
was read to show that a major kappa RNA of the anti-HBsAg cell. line contains the J K 2 sequence. 

The conditions for variable region cDNA synthesis were optimized by using heavy and light chain UIG primers on 
anti-HBsAg poly(A) + RNA. Dideoxy chain extension experiments demonstrated that the mouse UIG-MJK primer and 

20 LMG-JH3 primer correctly primed kappa and heavy chain RNAs. When the reverse transcription was carried out in the 
absence of dideoxynucleotides, the main product using the kappa UIG-MJK primer was a 41 0±20 nucleotide fragment, 
while the main product using the heavy chain UIG-JH3 primer was a 430±30 nucleotide fragment. These correspond 
to the expected lengths of the variable and 5' untranslated regions of kappa and heavy chain immunoglobulin mRNAs. 
The conditions for the optimal priming of poly(A) + RNA from CRL8017 cells should work well for poly(A) + RNA isolated 

25 from any cell line producing a monoclonal antibody. 

After determining optimal conditions for priming hybridoma mRNA with oligonucleotide primers, two oligonucle- 
otides were designed and used for heavy chain V region cDNA synthesis. These two oligonucleotides are UIG-MJH- 
BSTEII(13) and UIG-MJH3 (Figures 7 and 8). it should be rioted that the primer sequence was designed to introduce 
a BstEII recognition site (GGTGACC) in the clone so that it could be joined at this site to the human lgG1 constant 

30 module at the analogous position at the latter's J region. In this case, the primer had a single G to U mismatch with 
the mouse mRNA sequence that uses the J H 3 coding sequence. The U1G-MJHBSTEII(1 3) primer was 13 bases long 
and the mismatched residue was flanked by 7 matches 5' and 5 matches 3' of it. This was the 13-mer BstEII primer. 
To assess the priming efficiency of the 13-mer BstEII oligonucleotide, a 21-mer primer specific for mouse J H 3 (UIG- 
MJB3) was used. This primer had a perfect match for the 17 nucleotides on its 3' end. 

35 These two primers and the J H 3 coding sequences are shown in Figure 8. The first strand cDNA products made 

via the 1 3-mer BstEII and the 21-mer J H 3 primers included bands of approximately 430 nucleotides, which represented 
the entire V H region. Under the standard priming conditions used, the priming efficiency of the 1 3-mer BstEII was much 
less than that of the 21-mer J H 3. Accordingly, a cDNA library was generated from the first strand synthesis from each 
of these primers, using the method of Gubler and Hoffman, supra . 

40 First, the 21-mer J H 3 library was screened with the 21-mer J H 3 oligonucleotide. Filter hybridization was done at 

30°, overnight, according to de Lange, T. et al., Cell , 34 : 891-900 (1983). The filters were then washed at 51° in 6 x 
SSC, 0.1% SDS. Five colonies were selected. The largest had an insert of approximately 460 bp. More significantly, 
it contained three restriction sites predicted from the known J H 3 sequence, which are present upstream of the primer 
sequence. This clone, pJ3-11, was sequenced using the J H 3 primer by the chain-termination method (Wallace, R. B. 

45 ®1 &L> Gene , 16 : 21-26 (1981)). The sequence obtained has the remaining J H 3 coding segment. Just upstream, a 
1 3-nucleotide segment matched to a published D segment sequence (Dsp 2.2) (Kurosawa, Y et al. , J. Exp. Med. , 155 : 
201 (1 982), and Tonegawa, S. , Nature , 302 : 575 (1 983)). A nonapeptide predicted from this area showed characteristic 
homology to the published mouse heavy chain V subgroups at amino acid residues B6 to 94, comprising the FR3 of 
heavy chain molecules. Plasmid pJ3-11 represented a rearranged VDJ sequence, and apparently contained the anti- 

50. hepatitis V H sequence produced by the cell line. 

In order to isolate a V H region cDNA clone that had a BstEII site in the J region, an Alul to Sau96l, 265 nucleotide 
long, probe from pJ3-1 1 was next used to screen the cDNA library generated from the 1 3-mer BstEII primer. Six positive 
clones were isolated. The largest, pBsl 3-1 , was further analyzed. The insert was 280 nucleotides long and its restriction 
map agreed with that of pJ3-11 except for the introduced BstEII site. Figure 9 illustrates how these two inserts were 

5£ recombined to generate pMVHCa-1 3, a V H clone with the module-joining BstEII site. Three additional V H cDNA clones 
were isolated from a cDNA library generated from the 21-mer oligonucleotide UIG-MJH3BSTEII primer containing a 
BstEH site. These clones may provide alternate V H cDNA sequences to join to human C H sequences. 
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(2) Preparation of cDNA Clones, and Vehicles Containing Same, for Light Chain Mouse Anti-HBsAg Variable Region 

Since the J K 2 sequence is present in mRNA prepared from the anti-hepatitis hybridoma cell line, the oligonucleotide 
UIG-JK2BGLII (Figure 7B), was designed to introduce a BpJII site into the J K 2 region. Digestion with Bglll would then 

5 allow direct insertion of a V K cDNA coding region into the Bell site of the previously noted human C K vector, plNG2001 . 
This insertion would result in the precise joining of a mouse variable region segment (including the J region) to a human 
kappa constant region segment, each in the proper coding frame and with no alteration in amino acid sequence for 
either mouse variable or human constant region. 

The JK2BGLII oligonucleotide was used to prime anti-HBsAg mRNA to form a cDNA library as for heavy chain, 

io supra , in pUC9. The cDNA was size-selected by polyacrylamide gel electrophoresis prior to cloning, and 80% of the 
cDNA clones were shown to have insert sizes between 300 and 750 nucleotides in length. Replica filters of this library 
were screened with two oligonucleotides, the original primer and a second probe complementary to J K 2 sequence 5' 
to the original primer. 

It was discovered that the anti-hepatitis B monoclonal cell line CRL 8017 secretes immunoglobulins with at least 
75 two different light chains. One of them is derived from the myeloma NS-1, which was used as a fusion partner in 
generating the anti-hepatitis B cell line. Since NS-1 is derived from the myeloma MOPC21, the possibility was inves- 
tigated that MOPC21 V K mRNA may be present in the V K cDNA library from the anti-hepatitis monoclonal cell line. 
Indeed, one cDNA clone (p6D4B) analyzed has an identical restriction enzyme map to that of MOPC21 V K cDNA, 
except for the inserte d Bgl ll site. 
20 Two conclusions can be drawn from these results. The first is that it is possible to effectively use an oligonucleotide 

to introduce a restriction enzyme site while cloning a V K region from a hybridoma cell line. The second is that one must 
carefully monitor hybridoma cell lines for the presence of multiple V region sequences, only one of which is the desired 
sequence. 

In order to further characterize the kappa light chain J regions present in the cell line mRNA, poly(A) + RNA was 
25 bound to nitrocellulose by the formaldehyde "Dot blot" procedure of White and Bancroft, J. Biol. Chem. , 257 : 8569 
(1982). The RNA was hybridized to 32 P-labeled oligonucleotide probes specific for each functional kappa J region. 
These probes are shown in Figure 7B as the UIG probes 5JK1, MJK, 5JK4, and 5JK5. The results showed that the 
mRNA hybridized strongly to both MJK.and 5JK4 oligonucleotide probes, indicating that both J K 2 and J K 4 sequences 
were present. Since J K 2 mRNA had been previously identified as the one derived from the parental hybridoma partner 
30 NS-1 , it was concluded that the mRNA encoded the anti-hepatitis binding specificity of the CRL 801 7 cells. 

Two different cDNA libraries were screened to isolate V region clones encoding J K 4 sequences. The first was 
primed by JK2BGLH, supra . The second was made by using the oligonucleotide primer, JK4BGLII, which is specific 
for J K 4 mRNA and introduces a BgJI I site into the J region of cloned V regions. The JK4BGLII primer was used to prime 
first strand cDNA synthesis to construct a cDNA library by the same method used to construct a JK2BGLII primed 
35 cDNA library, except that cDNA was not size selected prior to cloning. 

Figure 7B tabulates the mismatches that each primer has with other functional mouse kappa J region sequences. 
Note that J K 4 has five mismatches in 21 nucleotides when compared with the JK2BGLII primer, and 3 in 23 with the 
JK4BGLM primer. 

Both libraries were screened for V region clones containing J K 4 sequences by hybridizing to an oligonucleotide 
40 probe specific for J K 4 sequences (5JK4). The results of this screen are shown in Table 1 . 



Table 1* 





Library 


Probe Specificity 


45 




J K 2 


J K 4 




JK2BGLII 
JK4BGLM 


2% (30/1 500) 
N/D 


0.15% (2/1500) 
3.5% (31/875) 


50. 


* Percentage of clones containing J K 2 or J K 4 sequence plus a V region. The probes used were the oligonucle- 
otide 5JK4 (J K 4 specificity, Figure 7) and p6D4B, which contains the NS-1 (MOPC21 ) V region sequence. N/D, not 
done. 



Several V region cDNA clones isolated from both libraries were characterized. These clones have identical 
restriction enzyme maps, including the engineered Bglll site resulting from the oligonucleotide primed cDNA cloning 
procedure. The restriction map and sequence of one clone, pV1 7, show that pV1 7 contains V region gene sequences. 

These results show that the JK2BGLII primer could correctly, although inefficiently, prime J K 4 mRNA sequences. 
Since the JK2BGLII primer had less mismatches with any other J K region mRNA than with J K 4 mRNA (Figure 7B), it 
is expected that the other J K mRNAs can be primed at the correct location with better efficiency using the JK2BGLII 
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primer Thus, efficient cDNA cloning of any functional mouse kappa V region may be obtained by using a mixture of 
the JK2BGLII and JK4BGLII primers. 

The placement of a BgJII site into the J region during cDNA cloning of the V regions allows joining of the cloned 
mouse V region gene module to the human kappa constant region gene module (Figure 9B). 
5 After the aforementioned experiments were carried out it was found that the cDNA clone pV17 lacked a complete 

5' coding region. Nucleotide sequencing showed that the A of the initiator codon ATG was not copied in pV17. This 
was not a random cDNA cloning artifact because two other cDNA clones had the same defect. Two approaches were 
devised to obtain a light chain gene with a complete 5' coding region. 

First, a new cDNA library was constructed by first priming with an oligonucleotide (S'-ATATTTGCTGATGCT CT- 
10 3') complementary to pV17 sequences 155 bases from the 5' end. From this library, clones hybridizing to a pV17 DNA 
fragment probe were selected, and some of these new cDNA clones have the initiator ATG plus about 20 nucleotides 
of 5' untranslated region. One of these clones, p2-1 2, supplies a 5' untranslated region of 23 nucleotides and a complete 
ATG initiator codon. When p2-12 was combined with pV17 derived sequences, a variable region with a complete 5' 
end was formed (plNG2013E). 

is Second, site-directed mutagenesis on the existing light chain clone was used to simultaneously remove the poly- 

G tract and place a ribosome recognition sequence adjacent to the initiator ATG. The Pstl fragment from pV17 was 
subcloned intoM13mp18. An oligonucleotide (V17-IVM; S'-G TGTCGAC TCAG CATG AGGTTCC AGGTTC-3') was then 
used as a primer to mutate the pV1 7 sequence to include a Sail site and an initiator ATG into the pV17 sequence. The 
resultant plasmid pV1 7.-I VM provided an alternate mouse variable region for joining to human constant region modules. 

20 The complete nucleotide sequence of the variable region from pV17 was then determined. The sequence shows 

that pV17 contains a Vk-J k junction region, containing several conserved amino acids, and the hybrid J K 2/J K 4 region 
formed by priming the J K 4 RNA with the UIG-JK2BGLII oligonucleotide. However, the V K region in pV17 is non-func- 
tional, because the V K and J K regions are not in the same coding frame. Translation of the pV17 V region would thus 
result in an abnormal immunoglobulin light chain where the J region is translated in an incorrect frame. This defect 

25 may be caused by aberrant V-J joining, resulting in a non-functional kappa mRNA, as has been observed by Kelley, 
D.E. et aL Mol. Cell. Biol. , 5:1 660-1 675 (1 985). 

Since the pV17 V region encodes an abnormal immunoglobulin, it is highly unlikely that this light chain is part of 
a functional anti-hepatitis antibody molecule. These results show the importance of monitoring hybridoma cells for the 
presence of multiple RNA species encoding V regions, only one of which is the desired sequence. 

30 Further screening of CRL 8017 cDNA libraries was done to search for V K cDNA clones which are not from either 

of the two V K cDNA classes found so far (MOPC21-p6D4B, pV17). First an oligo-dT primed cDNA library made from 
CRL8017 RNA was screened with a DNA fragment probe specific for the kappa constant region, and separately with 
probes specific for MOPC21 and pV17 V K regions. A cDNA clone (plE9L-81) that contains the kappa constant region, 
but has a different V K region than that of MOPC21 or pV1 7 was discovered. This method of screening oligo-dT primed 

35 cDNA libraries is a useful alternative to oligonucleotide screening of cDNA libraries, because nick-translated probes 
of high specific activity are used. Also, this method allows the simultaneous isolation of several classes of V region 
clones, such as all V K clones, by appropriate probe choice. Second, the UIG-JK2BGLII-primed cDNA library made 
from CRL 8017 RNA was screened with the UIG-5JK2 oligonucleotide probe (see Figure 7). A new class of V K cDNA 
clones was found whose members are homologous to piE9L-81 and hybridize to the UIG-5JK2 probe, but not to a 

40 MOPC21 V K probe. The restriction endonuclease site maps and nucleotide sequences of these clones also differ from 
MOPC21 -homologous V K cDNA clones from CRL801 7 cells. These clones, however, have an aberrant V-J joint which 
results in a nonfunctional mRNA, and appear to be identical to one described by Cabilly and Riggs (Gene , 40: 1 57 
(1985)). 

It was therefore concluded that the anti-hepatitis B cell line CRL8017 has at least three classes of V K mRNA 
45 corresponding to the above described cDNA clones p6D4B (MOPC21), pIE9L, and pV17. The plE9Land pV1 7 clones 
are derived from mRNA from aberrantly rearranged Kappa genes, while the p6D4B clone is derived from the parent 
hybridoma fusion partner NS-1 . None of these clones appear to encode the desired anti-hepatitis light chain. 

(3) Preparation and Expression of Heavy Chain Containing Human Constant/Mouse Variable Regions 

so. 

The V region sequences in pMVHCa-13 were joined to the human lgG1 constant (C) region clone pGMH-6. Due 
to the presence of a second BstEII site within the lgG1 CH1 region of pGMH-6, a multi-step ligation was required. First, 
the 220 nucleotide BstEII fragment from the J-CH1 region of pGMH-6 was ligated to the 1100 nucleotide IgG region 
BstEII to Bam HI fragment of pGMH-6. In a separate ligation, the 420 nucleotide BstEII to Bam HI fragment of pMVHCa- 
55 13, which comprises the mouse V region, was joined to a calf intestine phosphatase treated Bam HI plasmid vector. 
The two ligations were then combined, ligase was added, and the products were transformed into HB101, resulting in 
the chimeric mouse V-human C clone pMVHCc-24 (Figure 9A). 

The V region of the hybrid heavy chain gene in pMVHCc-24 was further analyzed by partial sequence analysis. 
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This analysis showed that the cloned V region contained a D sequence which matches a known D sequence, DSP2.2 
(Kurosawa and Tonegawa, supra ). The sequence also predicted a 1 9 amino acid leader peptide similar to known mouse 
V heavy chain leader peptide sequences, and a 5' untranslated region of at least 3 nucleotides. 

The BamHI fragment containing the mouse-human hybrid heavy chain gene of pMVHCc-24 was cloned into Bam HI 
digested plNG2003E vector, resulting in the expression plasmid plNG2006E (Figure 11). The plNG2006E plasmid 
should have an increased probability of efficient expression of the mouse-human chimeric immunoglobulin gene in B 
lymphoid cells because of the presence of the mouse heavy chain enhancer region. 

•A modification of the chimeric heavy chain gene present in pMVHCc-24 was done to provide an alternate heavy 
chain gene which lacks the oligo-dC region preceding the initiator ATG. The plNG20l2E and plNG2006E vectors are 
identical except for the nucleotides immediately preceding the ATG, as shown in Figure 12. 

Bacteria harboring the plNG2006E and pSV2-neo plasmids were converted into protoplasts by the method of 
Sandri-Goldin, R. M. et a!., Mol. Cell. Biol ., 1: 743(1981). The protoplasts were then separately fused to SP2/0-Ag1 4 
hybridoma cells (ATCC CRL 1581) by treatment with polyethyleneglycol (Ochi, A. et a!., Nature , 302 : 340, 1983). The 
fused cells were allowed to recover for 72 hours in complete medium before plating at 10,000 or 50,000 cells per well 
in a 96-well tissue culture plate. The cells were selected with G418 at 0.8 mg/mi for two weeks, when growth in some 
wells was clearly evident. Under these selection conditions, Sp2/0 cells were completely killed within 4-7 days by G41 8. 
Only cells which have integrated and expressed the neo gene present in the vectors will grow under G418 selection. 
The number of wells positive for growth by these integrative transfectants are shown in Table 2. 



Table 2* 



Strain/Plasmid 


10,000 cells/well 


50,000 cells/well 


MCl061/plNG2006E 
MC1061/pSV2-neo 
MCI 061 /none 


3 (13%) 
7 (29%) 
0 


1 2 (50%) 

4(17%) 

0 


* Percentage of wells showing positive growth out of 24 wells. 



Cells transfected with plNG2006E and pSV2-neo were tested for immunoglobulin gene expression at the RNA 
and protein level. Total cell RNA was prepared from transfected cells, bound to nitrocellulose and hybridized to nick- 
translated probes specific for the mouse-human hybrid heavy chain gene. Two clones were found which have a strong 
signal, representing expression of the gene at the RNA level. The amount of total cellular RNA hybridizing to the mouse- 
human probe appeared to be approximately 1/10 the level of heavy chain RNA in the original hybridoma cells. This 
probably represented about 1% of the total mRNA of the transfected cell. 

The transfected mouse cells were also tested for production of cytoplasmic human heavy chain protein by an 
ELISA assay. It was found that 3 out of 7 plNG-2006E transfected cell lines produced detectable levels of human heavy 
chain protein. The mouse cell transformant producing the most mouse-human heavy chain protein gave a signal in 
the ELISA assay comparable to that of a 1/100 dilution of a human B cell line producing intact human immunoglobulin 
lgG1 . This modest level of detected mouse-human heavy chain protein may be due to several factors, including insta- 
bility of heavy chains in the absence of light chains in hybridoma cells, or incorrect processing of the chimeric gene 
transcript. 
r 

(4) Gene Amplification of the Integrated Chimeric Gene 

Southern blot analysis showed that multiple copies of the plNG2006E DNA sequences were integrated in tandem 
in the mouse genome. Restriction enzymes Apa l and BpJII both cleave plNG2006E singly. In the transformant, 2AE9, 
a band, from an Apa l or Bqlll digestion, of the expected size (8.2kb) was found to hybridize to the human C gamma 1 
sequences (data not shown). An a Bam HI band of the correct size (1 .6kb) was found to hybridize to the human as well 
as the 1 E9 v H sequences. Gene-copy titration experiment (Fig. 1 4) indicated that there are about 5 copies of plNG2006E 
in the 2AE9 genome. That fact that only a single band was detected in the Apa l or Bglll lane indicates that these 
individual copies are in a tandemly arranged array. A set of double digestions showed that plNG2006E sequences 
suffered no rearrangement in their introduction into the mouse DNA (data not shown). 

We next transfected the 2AE9 cells with a plasmid that contains a different selectable marker, the^pj gene, and 
selected clones growing out in DM EM-HAT One clone, 2BH10, has about 38 ng soluble human gamma 1 protein per 
10 6 cells. Southern analysis showed that 2BH10 has about 30 copies of plNG2006E (Fig. 14). They were amplified 
from the 5 copies in 2AE9 without rearrangement of the DNA sequences. (Compare the 2AE9 panel to the 2BH10). 
S1 data (data not shown) revealed that this increase in template led to a higher amount of IgG gene transcripts. We 
believe that these sequences were co-amplified with contiguous cellular sequences as a result of the second selection. 
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EXAMPLE III : A Human-Mouse Chimeric Antibody with Cancer Antigen Specifictv 

(1) Antibody L6 

L6 monoclonal antibody (MAb) was obtained from a mouse which had been immunized with cells from a human 
lung carcinoma, after which spleen cells were hybridized with NS-1 mouse myeloma cells. The antibody binds to a 
previously not identified carbohydrate antigen which is expressed in large amounts at the surface of cells from most 
human carcinomas, including lung carcinomas (adeno, squamous), breast carcinomas, colon carcinomas and ovarian 
carcinomas, while the antigen is only present at trace levels in normal cells from the adult host. MAb L6 is an lgG2a 
and can mediate antibody dependent cellular cytotoxicity, ADCC, in the presence of human peripheral blood leukocytes 
as a source of effector cells, so as to lyse L6 positive tumor cells, and it can lyse L6 positive tumor cells in the presence 
of human serum as a source of complement; the lysis is detected as the release of 51 Cr from labelled cells over a 4 
hour incubation period. MAb L6 can localize to L6 positive tumors xenotransplanted onto nude mice, and it can inhibit 
the outgrowth of such tumors. MAb L6 is described in Cancer Res. 46:3917-3923. 1986 (on MAb specificity) and in 
Proc. Natl. Acad. Sci. 83:7059-7063. 1986 (on MAb function). 

(2) Identification of J Sequences in the Immunoglobulin mRNA of L6. 

Frozen cells were .thawed on ice for 10 minutes and then at room temperature. The suspension was diluted with 
15 ml PBS and the cells were centrifuged down. They were resuspended, after washes in PBS, in 16 ml 3M LiCI, 6M 
urea and disrupted in a polytron shear. The preparation of mRNA and the selection of the poly(A+) fraction were carried 
out according to Auffray, C. and Rougeon, R, Eur. J. Biochem. 107 :303, 1 980. 

The poly (A+) RNAfrom L6 was hybridized individually with labeled J H 1 , J H 2, J H 3 and J H 4 oligonucleotides under 
conditions described by Nobrega et al . Anal. Biochem 131:141, 19B3). The products were then subjected to electro- 
phoresis in a 1 .7% agarose-TBE gel. The gel was fixed in 10% TCA, blotted dry and exposed for autoradiography. The 
result showed that the L6 v H contains J H 2 sequences. 

For the analysis of the V K mRNA, the dot-blot method of White and Bancroft J. Biol. Chem. 257:8569, (1 982) was 
used. Poly (A+) RNA was immobilized on nitrocellulose filters and was hybridized to labeled p rob e-oligonucleot ides at 
40° in 4xSSC. These experiments show that L6 contains J K 5 sequences. A faint hybridization to J K 2 was observed. 

(3) V Region cDNA Clones. 

A library primed by oligo (dT) on L6 poly (A+) RNA was screened for kappa clones with a mouse C K region probe. 
From the L6 library, several clones were isolated. A second screen with a 5' J K 5 specific probe identified the L6 (J K 5) 
light-chain clones. Heavy chain clones of L6 were isolated by screening with the J H 2 oligonucleotide. 

The heavy and light chain genes or gene fragments from the cDNA clones, pH3-6a and pL3-12a were inserted 
into M1 3 bacteriophage vectors for nucleotide sequence analysis. The complete nucleotide sequences of the variable 
region of these clones were determined (FIGURES 15 and 16) by the dideoxy chain termination method. These se- 
quences predict V region amino acid compositions that agree well with the observed compositions, and predict peptide 
sequences which have been verified by direct amino acid sequencing of portions of the V regions. 

The nucleotide sequences of the cDNA clones show that they are immunoglobulin V region clones as they contain 
amino acid residues diagnostic of V domains (Kabat etal., Sequences of Proteins of Immunological Interest; U.S. Dept 
ofHHS.1983). 

The L6 V H belongs to subgroup II. The cDNA predicts an N-terminal sequence of 24 amino acid residues identical 
to that of a known V H (45-165 CRI; Margolies et al . Mol. Immunol. 18:1065. 1981). The L6 V H has the J H 2 sequence. 
The L6 V L is from the V K -Kpnl family (Nishi et al. Proc. Nat. Acd. Sci. USA 82:6399, 1985), and uses J K 5. The cloned 
L6 V L predicts an amino acid sequence which was confirmed by amino acid sequencing of peptides from the L6 light 
chain corresponding to residues 18-40 and 80-96. 

(4) In Vitro Mutagenesis to Engineer Restriction Enzyme Sites in the J Region for Joining to a Human C-Module, and 
to Remove Oligo (dC) Sequences 5' to the V Modules. 

Both clones generated from priming with oligo (dT) L6 V K and L6 V H need to be modified. For the L6 V K , the J- 
region mutagenesis primer jVHindlll, as shown in FIGURE 17B, was utilized. A human C K module derived from a 
cDNA clone was mutagenized to contain the Hindlll sequence (see Figure 17A). The mutagenesis reaction was per- 
formed on M13 subclones of these genes. The frequency of mutant clones ranged from 0.5 to 1% of the plaques 
obtained. 

It had been previously observed that the oligo (dC) sequence upstream of the AUG codon in a V H chimeric gene 
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interferes with proper splicing in one particular gene construct. It was estimated that perhaps as much as 70% of the 
RNA transcripts had undergone the mis-splicing, wherein a cryptic 3' splice acceptor in the leader sequence was used. 
Therefore the oligo (dC) sequence upstream of the initiator AUG was removed in all. of the clones. 

In one approach, an oligonucleotide was used which contains a Sail restriction site to mutagenize the L6 V K clone. 
The primer used for this oligonucleotide-directed mutagenesis is a 22-mer which introduces a Sail site between the 
oligo (dC) and the initiator met codon (FIGURE 19). 

In a different approach, the nuclease BAL-31 was used to chew away the oligo (dC) in the L6 V H clone pH3-6a. 
The size of the deletion in two of the mutants obtained was determined by nucleotide sequencing and is shown in 
FIGURE 17. In both of these mutuants (delta 4 and delta 21), all of the oligo (dC) 5' to the coding region were deleted. 

These clones were then modified by oligonucleotide-directed mutagenesis with the MJH2 -Apa l primer (FIGURE 
17). This 31 -base primer introduces an Apa l site in the mouse C H gene at a position analogous to an existing Apal site 
in human Cgamma l cDNA gene module. The primer introduces the appropriate codons for the human C gamma 1 
gene. The chimeric heavy chain gene made by joining the mutagenized mouse V H gene module to a human C H module 
thus encodes a chimeric protein which contains no human amino acids for the entire V H region. 

The human C gamma 1 gene module is a cDNA derived from GM21 46 cells (Human Genetic Mutant Cell Repos- 
itory, Newark, New Jersey). This C gamma 1 gene module was previously combined with a mouse V H gene module 
to form the chimeric expression plasmid plNG20l2E. 

(5) L6 Chimeric Expression Plasmids. 

L6 chimeric heavy chain expression plasmids were derived from the replacement of the V H module plNG2012E 
with the V H modules of mutants delta 21 and delta 4 to give the expression plasmids pi NG211 1 and plNG21 1 2 (FIGURE 
17). These plasmids direct the synthesis of chimeric L6 heavy chain when transfected into mammalian cells. 

For the L6 light chain chimeric gene, the Sail to Hindi II fragment of the mouse V K module was joined to the human 
C K module by the procedure outlined in FIGURE 18, forming plNG2119. Replacement of the neo sequence with the 
E. coli gpt gene derived from pSV2-gpt resulted in plNG2l20, which expressed L6 chimeric light chain and confers 
mycophenolic acid resistance when transfected into mammalian cells. 

The inclusion of both heavy and light chain chimeric genes in the same plasmid allows for the introduction into 
transfected cells of a 1:1 gene ratio of heavy and light chain genes leading to a balanced gene dosage. This may 
improve expression and decrease manipulations of transfected cells for optimal chimeric antibody expression. For this 
purpose, the DNA fragments derived from the chimeric heavy and light chain genes of plNG2111 and plNG2119 were 
combined into the expression plasmid plNG2114 (FIGURE 19). This expression plasmid contains a selectable neo R 
marker and separate transcription units for each chimeric gene, each including a mouse heavy chain enhancer. 

The modifications and V-C joint regions of the L6 chimeric genes are summarized in FIGURE 20. 

(6) Stable Transfection of Mouse Lymphoid Cells for the Production of Chimeric Antibody. 

Electroporation was used (Potter et a], supra ; Toneguzzo et al . Mol. Cell Biol. 6:703 1986) for the introduction of 
L6 chimeric expression plasmid DNA into mouse Sp2/0 cells. The electroporation technique gave a transfection fre- 
quency of 1 -1 0 x 1 0* 5 for the Sp2/0 cells. 

The two gene expression plasmid plNG2114 was linearized by digestion with Aatll restriction endonuclease and 
transfected into Sp2/0 cells, giving approximately fifty G418 resistant clones which were screened for human heavy 
and light chain synthesis. The levels of chimeric antibody chain synthesis from the two producers, 07 and 3E3, are 
shown in Table 3. Chimeric L6 antibody was prepared by culturing the D7 transfectant cells for 24 hours at 2x1 0 6 cells/ 
ml in 5 1 DMEM supplemented with HEPES buffer and penicillin and streptomycin. The supernatant was concentrated 
over an Amicon YM30 membrane in 1 0mM sodium phosphate buffer, pH8.0. The preparation was loaded over a DEAE- 
Cellulose column, which separated the immunoglobulin into unbound and bound fractions. Samples from the DEAE- 
unbound, DEAE-bound and the pre-DEAE preparations (from 1.6 ul of medium) was separately purified by affinity 
chromatography on a Protein-A Sepharose column, eluting with 0.1 M sodium citrate , pH 3.5. The eluted antibody 
was neutralized and concentrated by Amicon centricon filtration, in phosphate-buffered saline. The yields for the three 
preparations were 12ug (DEAE unbound), 6ug (DEAE bound), and 9ug (pre-DEAE column). Western analysis of the 
antibody chains indicated that they were combined in an H 2 L 2 tetramer like native immunoglobulins. 

(7) A second purification for Chimeric L6 Antibody Secreted in Tissue Culture. . 

a. Sp2/0.plNG2114.D7 cells were grown in culture medium [DMEM (Gibco #320-1965), supplemented with 10% 
Fetal Bovine Serum (Hyclone #A-1111-D), 10mM HEPES, 1x Glutamine-Pen-Strap (Irvine Scientific #9316) to 1 
x 10 e cell/ml. 
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b. The cells were then centrifuged at 400xg and resuspended in serum-free culture medium at 2 x 10 6 cell/ml for 
18-24 hr. 

c. The medium was centrifuged at 4000 RPM in a JS-4.2 rotor (3000xg) for 15 min. 

d. 1 .6 liter of supernatant was then filtered through a 0.45 micron filter and then concentrated over a YM30 (Amicon 
Corp.) filter to 25ml. 

e. The conductance of the concentrated supernatant was adjusted to 5.7-5.6 mS/cm and the pH was adjusted to 8.0. 

f. The supernatant was centrifuged at 2000xg, 5 min., and then loaded onto a 40 ml DEAE column, which was 
preequilibrated with 10mM sodium phosphate, pHB.0. 

g. The flow through fraction was collected and loaded onto a 1ml protein A-Sepharose (Sigma) column preequil- 
ibrated with 10mM sodium phosphate, pH8.0. 

h. The column was washed first with 6ml. 10m M sodium phosphate buffer pH=8.0, followed by 8ml 0.1M sodium 
citrate pH=3.5, then by 6ml 0.1M citric acid (pH=2.2). Fractions of 0.5ml were collected in tubes containing 50ul 
2M Tris base (Sigma). 

i. The bulk of the IgG was in the pH=3.5 elution and was pooled and concentrated over Centricon 30 (Amicon 
Corp.) to approximately .06ml. 

j. The buffer was changed to PBS (10mM sodium phosphate pH=7.4, 0.1 5M NaCI) in Centricon 30 by repeated 
diluting with PBS and reconcentrating. 

k. The IgG solution was then adjusted to 0.10ml and bovine serum albumin (Fraction V, U.S. Bio-chemicals) was 
added to 1 .0% as a stabilizing reagent. 

(8) Production and Purification of Chimeric L6 Antibody Secreted in Ascites Fluid. 



25 
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a. The ascites was first centrifuged a 2,000 xg for 10 min. 

b. The conductance of the supernatant was adjusted to 5.7-5.6 mS/cm and its pH adjusted to 8.0. 

c. Supernatant was then loaded onto a 40 ml DEAE-cellulose column pre-equilibrated with 10 mM Na 2 P0 4 H pH 8.0. 

d. The flow through from the DEAE column was collected and its pH was adjusted to 7.4, and then loaded onto a 
1.0 ml goat anti-human IgG (H+L) - sepharose column. 

e. The column was washed first with 6 ml of 10 mM sodium phosphate, 0.5 M sodium chloride, followed by 8 ml 
of 0.5 M NH 4 OH, and 3 M sodium thiocyanate. 

f. The sodium thiocyanate eluate was pooled and dialyzed against 2L PBS overnight. 



The antibody can be further concentrated by steps j. and k. of the previous procedure. 



TABLE 3 



Levels of Secreted Chimeric L6 Chains from Sp2/0 Transfectants 3 






Sp2/0.D7 


Sp2/0.3E3 


Culture Condition 


FBS 


Kappa b 


Gamma c 


Kappa b 


Gamma c 


1. 


20 ml, 2d, seed @ 2x10 5 /ml 


+ 


17 


77 


100 


700 


2. 


200 ml, 2d, seed @ 2.5x1 0 5 /ml 


+ 


0.9 


6 


80 


215 


3. 


200 ml, 1d, seed @ 2x10 6 /ml 




1.9 


3.8 


97 


221 


4. 


Balb/c ascites 




5,160 


19,170 . 


ND 


ND 



35 



40 



45 



■ Sp2/0 cells transfected by electropo ration with plNG2l14(pL6HL) 
b * ug/l measured by ELISA specific for human Kappa - human Bence-Jones protein standard. 
c - ug/l measured by ELISA specific for human gamma - human IgG standard. 
ND - Not determined. 
FBS: Fetal Bovine Serum 



SO, 



(9) Studies Performed on the Chimeric L6 Antibody. 

First, the samples were tested with a binding assay, in which cells of both an L6 antigen-positive and an L6 antigen- 
negative cell line were incubated with standard mouse monoclonal antibody L6, chimeric L6 antibody derived from the 
cell culture supernatants, and chimeric L6 antibody derived from ascites (as previously described) followed by a second 
reagent, fluorescein-isothiocyanate (FlTC)-conjugated goat antibodies to human (or mouse, for the standard) immu- 
noglobulin. 

Since the binding assay showed strong reactivity of the chimeric L6 on the L6 antigen positive cell line and total 
lack of reactivity on the negative cell line, the next step was to test for the ability of the chimeric L6 to inhibit the binding 
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of mouse L6 to antigen positive cells; such inhibition assays are used routinely to establish the identity of two antibodies' 
recognition of antigen. These data are discussed below ("Inhibition of binding"). As part of these studies, a rough 
estimate of antibody avidity was made. 

Finally, two aspects of antibody function were studied, the ability to mediate ADCC in the presence of human 
peripheral blood leukocytes, and the ability to kill L6 positive tumor cells in the presence of human serum as a source 
of complement (see "Functional Assays" below). 

Binding Assays . Cells from a human colon carcinoma line, 3347, which had been previously shown to express 
approximately 5 x 10 s molecules of the L6 antigen at the cell surface, were used as targets. Cells from the T cell line 
HSB2 was used as a negative control, since they, according to previous testing, do not express detectable amounts 
of the L6 antigen. The target cells.were first incubated for 30 min at 4°C with either the chimeric L6 or with mouse L6 
standard, which had been purified from mouse ascites. This was followed by incubation with a second, FITC-labelled, 
reagent, which for the chimeric antibody was goat-anti-human immunoglobulin, obtained from TAGO (Burlingame, CA), 
and used at a dilution of 1:50. For the mouse standard, it was goat-anti-mouse immunoglobulin, also obtained from 
TAGO and used at a dilution of 1 :50. Antibody binding to the cell surface was determined using a Coulter Model EPIC- 
C cell sorter. 

As shown in Table 4 and Table 4A, both the chimeric and the mouse standard L6 bound significantly, and to ap- 
proximately the same extent, to the L6 positive 3347 line. They did not bind above background to the L6 negative HSB2 
line. 

In view of the fact that the three different chimeric L6 samples presented in Table 4 behaved similarly in the binding 
assays, they were pooled for the inhibition studies presented below. The same inhibition studies were performed for 
chimeric L6 derived from ascites fluid presented in Table 4A. 

Inhibition of Binding . As the next step was studied the extent to which graded doses of the chimeric L6 antibody, 
or the standard mouse L6, could inhibit the binding of an FITC-labelled mouse L6 to the surface of antigen positive 
3347 colon carcinoma cells. 

Both the chimeric and mouse standard L6 inhibited the binding of the directly labelled L6 antibody, with the binding 
curves being parallel. The chimeric antibody was slightly less effective than the standard, as indicated by the results 
which showed that 3.4 ug/ml of the pooled chimeric L6 MAb, as compared to 2.0 ug/ml of the standard mouse L6 MAb 
was needed for 50% inhibition of the binding, and that 5.5 ug/ml of the chimeric L6 (derived from ascites) as compared 
to 2.7 ug/ml of the standard mouse L6 MAb was needed for 50% inhibition of binding. 

As part of these studies, a rough estimate was made of antibody avidity. The avidity of the standard mouse L6 had 
been previously determined to be approximately 4 x 10 e . The data indicated that there were no significant differences 
in avidity between the chimeric and the mouse L6. 

Functional Assays . A comparison was made between the ability of the chimeric L6 and standard mouse L6 to lyse 
L6 antigen positive cells in the presence of human peripheral blood leukocytes as a source of effector cells (mediating 
Antibody Dependent Cellular Cytotoxcity, ADCC) or human serum as a source of complement (mediating Complement- 
Dependent Cytolysis, CDC). 

As shown in Table 5 and Tables 5A-5D, the chimeric L6 was superior to the simultaneously tested sample of mouse 
L6 in causing ADCC, as measured by a 4 hr 51 Cr release test. 

Tables 6 and 6A-6B present the data from studies on complement-mediated target cell lysis. In this case, a high 
cytolytic activity was observed with both the mouse and the chimeric L6 antibodies. 

Conclusions . 

The results presented above demonstrate a number of important, unexpected qualities of the chimeric L6 mono- 
clonal antibody of the invention. Firstly, the chimeric L6 antibody binds to L6 antigen positive tumor cells to approxi- 
mately the same extent as the mouse L6 standard and with approximately the same avidity. This is significant for the 
following reasons: the L6 antibody defines (a) a surface carbohydrate antigen, and (b) a protein antigen of about 20,000 
daltons, each of which is characteristic of non-small cell lung carcinoma (NSCLC) and certain other human carcinomas. 
Significantly, the L6 antibody does not bind detectably to normal cells such as fibroblasts, endothelial cells, or epithelial 
cells in the major organs. Thus the chimeric L6 monoclonal antibody defines an antigen that is specific for carcinoma 
cells and not normal cells. 

In addition to the ability of the chimeric L6 monoclonal antibodies of the present invention to bind specifically to 
malignant cells and localize tumors, the chimeric L6 exerts profound biological effects upon binding to its target, which 
make the chimeric antibody a prime candidate for tumor immunotherapy. The results presented herein demonstrate 
that chimeric L6 is capable of binding to tumor cells and upon binding kills the tumor cells, either by ADCC or CDC. 
Such tumor killing activity was demonstrated using concentrations of chimeric L6 antibody as low as 0.01 ug/ml (10ng/ 
ml). 

Although the prospect of attempting tumor therapy using monoclonal antibodies is attractive, with some partial 



23 



EP 0 550 400 B1 



tumor regressions being reported, to date such monoclonal antibody therapy has been met with limited success 
(Houghton, February 1985, Proc. Natl. Acad. Sci. 82:1242-1246). The therapeutic efficacy of mouse monoclonal an- 
tibodies (which are the ones that have been tried so far) appears to be too low for most practical purposes. The discovery 
of the profound biological activity of chimeric L6 coupled with its specificity for a carcinoma antigen makes the chimeric 
L6 antibody a choice therapeutic agent for the treatment of tumors in vivo : Moreover, because of the "h uman" properties 
which will make the chimeric L6 monoclonal antibodies more resistant to clearance in vivo , the chimeric L6 monoclonal 
antibodies will be advantageously used not only for therapy with unmodified chimeric antibodies, but also for develop- 
ment of various immunoconjugates with drugs, toxins, immunomodulators, isotopes, etc., as well as for diagnostic 
purposes such as in vivo imaging of tumors using appropriately labelled chimeric L6 antibodies. Such immunoconju- 
gation techniques are known to those skilled in the art and can be used to modify the chimeric L6 antibody molecules 
of the present invention. 

Two illustrative cell lines secreting chimeric L6 antibody were deposited prior to the filing date of this application 
at the ATCC, Rockville Maryland. These are transfected hybridoma C255 (corresponds to 3E3 cells, supra ), ATCC HB 
9240 and transfected hybridoma C256 (C7 cells, supra ), ATCC HB 9241 . 

The present invention is not to be limited in scope by the cell lines deposited since the deposited embodiment is 
intended as a single illustration of one aspect of the invention and all cell lines which are functionally equivalent are 
within the scope of the invention. Indeed, various modifications of the invention in addition to those shown in the art 
from the foregoing description and accompanying drawings are intended to fall within the scope of the appended claims. 



TABLE 4 



Binding Assays Of Chimeric L6 Antibody and Mouse L6 Monoclonal Antibody on an L6 Antigen Positive and L6 




Antigen Negative Cell Line. 




Antibody 


Batch 


Binding Ratio For* H3347 Cells (L6 +) 






GAM 


GAH 


Standard L6 




56.6 


4.2 


Chimeric L6 


a 


1.3 


110.3 




b 


1.3 


110.3 




c 


1.3 


110.3 






Binding Ratio For* HSB-2 Cells (L6 -) 






GAM 


GAH 


Standard L6 




1.1 


1.1 


Chimeric L6 


a 


1.0 


1.0 




b 


1.0 


1.1 




c 


1.0 


1.1 



* All assays were conducted using an antibody concentration of 10 up/ml. The binding ratio is the number of times brighter a test sample is than a 
control sample treated with GAM (FITC conjugated goat-anti-mouse) or GAH (FITC conjugated goat anti-human) alone. A ratio of 1 means that the 
test sample is just as bright as the controt; a ratio of 2 means the test sample is twice as bright as the control, etc. 
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TABLE 4A 





Binding Assays Of Chimeric L6 Antibody and Mouse Monoclonal Antibody on an L6 Antigen Positive and L6 Antigen 






Negative Cell Line. 




5 


Antibody 


Antibody Concentration 


Binding Ratio For* H3347 Cells (L6 +) 






(ug/ml) 












GAM 


GAH 




Standard L6 


30 


38 


4 


10 




10 


49 


4 






3 , 


40 


3 




Chimeric L6 


30 


2 


108 


15 


(Msciiesj 


10 


2 


108 




o 


1 


42 




Chimeric L6 


30 


1 


105 




(Cell dulture) 


10 


1 


86 


20 




3 


1 


44 








Binding Ratio For** HSB-2 Cells (L6 -) 


25 






GAM 


GAH 












Standard L6 


10 


1 


1 




Chimeric L6 


10 


1 


1 


30 


(Ascites) 










Chimeric L6 


10 


1 


1 




(Cell Culture) 









* The binding ratio is the number of times brighter a test sample is than a control sample treated with GAM (FITC conjugated goat anti-human) alone. 
A ratio of 1 means that the test sample is just as bright as the control; a ratio of 2 means the test sample is twice as bright as the control, etc. 



TABLE 5 



40 


ADCC of Chimeric L6 (Mouse) L6 Antibodies On Colon Carcinoma Cell Line 3347. 


Antibody - 


Antibody Concentration 
(ug/ml) 


PBL per Target Cell 


% Cytolysis* 




Chimeric L6 


10 


100 


64 


45 




5 
10 


100 
0 


70 
2 




Standard L6 


10 


100 


24 






5 


100 


17 


50. 




10 


0 


2 




None 


0 


100 


1 



* The target ceils had been labelled with b 1 Cr and were exposed for 4 hours to a combination of MAb and human peripheral blood leukocytes (PBL), 
and the release of 51 Cr was measured subsequently. The release of 51 Cr (after corrections of values for spontaneous release from untreated cells) 
is a measure of the percent cytolsis. 
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TABLE 5A 



ADCC of Chimeric L6 and Standard (Mouse) L6 Antibodies On Colon Carcinoma Cell Line 3347. 



Antibody 



Chimeric L6 
(Ascites) 



Chimeric L6 
(Cell Culture) 



Standard L6 



Antibody Concentration 
(ug/ml) 



20 
10 
5 

2.5 
20 

10 
5 

2.5 
10 ~ 

20 
10 
20 



PBL per Target Cell 



100 
100 
100 
100 
0 

100 
100 
100 
0 

100 
100 
0 



% Cytolysis* 



80 
74 
71 
71 
0 

84 
74 
67 
3 

32 
26 
0 



* The targe! cells had been labelled with => 1 Cr and were exposed for 4 hours to a combination of MAb and human peripheral Wood leukocytes (PBL) 
and the release of Cr was measured subsequently. The release of 51 Cr (after corrections of values for spontaneous release from untreated cells) 
is a measure of the percent cytolsis. ' 



TABLE 5B 



ADCC of Chimeric 


L6 and Standard (Mouse) L6 Antibodie's On Colon Carcinoma Cell Line 3347. 


Antibody 


Antibody Concentration 


PBL per Target Cell 


% Cytolysis* 




(ug/ml) 




Chimeric L6 


5 


100 


84 


(Ascites) 


2.5 


100 


78 




1.25 


100 


B5 




0.63 


100 


81 




0.31 


100 


80 




0.16 


100 


71 




0.08 


100 


65 




5 


0 


0 


Standard L6 


5 


100 


32 




5 


0 


0 


None 


. 0 


100 


19 



e target cells had been labelled with ° 1 Cr and were exposed for 4 hours to a combination of MAb and human peripheral blood leukocytes (PBL) 
the release of Cr was measured subsequently. The release of 51 Cr (after corrections of values for spontaneous release from untreated cells) 



and 

is a measure of the percent cytolsis. 
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TABLE 5C 

ADCC of Chimeric L6 and Standard (Mouse) L6 Antibodies On 
Lung Carcinoma Ceil Line H2669. 



Antibody 



Antibody 
Concentration 
(trt/ml) 



SSL per 
Target Cell 



Cytolysis* 



Chimeric L6 
(Ascites) 



10 
1 

0.1 
0.01 
0.001 
0.0001 



100 
100 
100 
100 
100 
0 



35 
31 
27 
15 
13 
15 



Standard L6 



10 
1 



100 
100 



9 
15 



None 



100 



Chimeric L6 
(Ascites) 



10 
1 

0.1 
0.01 
0.001 
0.0001 



10 
10 
10 
10 
10 
10 



19 
15 
11 
13 
22 
11 



Standard L6 



10 
1 



10 
10 



7 
6 



None 



10 
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Antibody 



Antibody 
Concentration 
(m/inl) 



PEL per 
Target Cell 



Cyto lysis* 



Chimeric LS 
(Ascites) 



10 



Standard L6 



10 



* The target cells had been labelled with 51 Cr and were exposed 
for 4 hours to a combination of WUd and Human peripheral blood 

leukocytes (PEL), and the ralease of 51 Cr vas neasured subse- 

51 

quently. The release of Cr (after corrections of values for 
spontaneous release from untreated cells) is a neasure of the 
percent cytolysis. 



TABLE 5D 



ADCC of Chimeric L6 and Standard (Mouse) L6 Antibodies On Colon Carcinoma Cell Line H3347. 


Antibody 


Antibody Concentration 


PBL per Target Cell 


% Cytolysis* 




fug/ml) 




Chimeric L6 


10 


100 


62 


(Ascites) 


1 


100 


66 




0.1 


100 


69 




0.01 


100 


26 




0.001 


100 


8 




0.0001 


0 


3 




10 


0 


0 


Standard L6 


10 


100 


19 




1 


100 


* 24 






0 


0 


None 


0 

— ... kt- — — '■' . ■ ■ ' — — I 


100 


8 



The target cells had been labelled with bl Cr and were exposed for 4 hours to a combination of MAb and Human peripheral blood leukocytes (PBL) 
and the release of 5 Cr (after corrections of values for spontaneous release from untreated cells) is a measure of the percent cytolysts. 
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TABLE 6 



Complement dependent cytotoxic effect of chimeric and standard (mouse) L6 on colon carcinoma celts from line 


3347, as measured by a 4-hr 5l Cr-release assay. Human serum from a healthy subject was used as the source of 




complement. 




Antibody 


Human complement 


% Cytolysis 


L6 Standard 10 ug/ml 


Yes 


90 


L6 chimeric 10 ug/ml 


Yes 


89 


L6 Standard 10 ug/ml 


No 


0 


L6 chimeric 10 ug/ml 


No 


1 



TABLE 6A 





Complement Dependent Cytotoxic Effect of Chimeric L6 and Standard (Mouse) L6 Antibodies on Colon Carcinoma 






Cell Line 3347 






Antibody 


Antibody Concentration 


PBL per Target Cell 


% Cytolysis* 


20 




(ug/ml) 






Chimeric L6 


20 


+ 


29 




(Ascites) 


10 


+ 


23 






'5 


+ ■ 


18 






2.5 


+ 


8 


25 




20 


Inactivated 


0 






10 


0 


0 




Chimeric L6 


20 


+ 


29 


30 


(Cell Culture)) 


5 


+ 


26 






2.5 


+ 


18 






20 


+ 


4 






10 


0 


4 


35 


Standard L6 


20 




55 






10 


+ 


37 






20 


Inactivated 


0 






20 


0 


1 


40 












None 


0 


+ 


0 



" Complement mediated cytolysis was measured by a 4 hour bl Cr- release assay. Human serum from a healthy subject was used as the source of 
complement. 



TABLE 6B 





Complement Dependent Cytotoxic Effect of Chimeric L6 and Standard (Mouse) L6 Antibodies on Colon Carcinoma 






Cell Line 3347 






Antibody 


Antibody Concentration 


PBL per Target Cell 


% Cytolysis* 


50. 




(ug/ml) 








Chimeric L6 


10 


+ 


209 




(Ascites) 


5 


+ 


155 






2.5 


+ 


166 


55 




1.25 


+ 


114 



* Complement mediated cytolysis was measured by a 4 hour 51 Cr- release assay. Human serum from a healthy subject was used as the source of 
complement. 
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TABLE 6B (continued) 



Complement Dependent Cytotoxic Effect of Chimeric L6 and Standard (Mouse) L6 Antibodies on Colon Carcinoma 




Cell Line 3347 




Antibody 


Antibody Concentration 


PBL per Target Cell 


% Cytolysis* 




(ug/ml) 








0.6 


+ 


63 




0.3 


+ 


17 




10 


0 


0 


Standard L6 


10 


+ 


96 




5 


+ 


B3 




2.5 


+ 


48 




1.25 




ie 




0.6 


+ 


7 




0.3 


+ 


4 




10 


0 


2 


None 


0 


+ 


0 



* Complement mediated cytotysis was measured by a 4 hour 01 Cr- release assay. Human serum from a healthy subject was used as the source of 
complement. 



EXAMPLE IV : A Human-Mouse Chimeric Antibody with Specificity for Human B-Cell Antigen 

The 2H7 mouse monoclonal antibody (gamma 2b K) recognizes a human B-cell surface antigen, Bp35 (Clark, E. 
A., etal. , Proc. Nat. Acad. Sci. USA 82 :1766 (1 985)). The Bp35 molecule plays a role in B-cell activation. mRNA was 
prepared from the 2H7 cell line. Two cDNA libraries were generated - one using the heavy chain UIG-H primer, and 
the other, oligo(dT). One V H clone, pH2-11, was isolated upon screening with the same UIG-H oligonucleotide. To 
isolate the light chain clone, a mouse kappa -specific DNA fragment was used to screen the oligo(dT). library. Candidate 
clones were further screened with a mouse J K 5 sequences. One V K clone, pL2-12, was thus isolated. The light chain 
UIG-K was then used to engineer a restriction enzyme site in the J region. 

The two cDNA clones were also modified at the 5' end to remove the artificial oligo d[C] sequence. In pH2-11 this 
was carried out by using the restriction enzyme Ncol which cuts one nucleotide residue 5' of the ATG initiator codon. 
In pl_2-12 this was achieved by an oligonucleotide in vitro mutagenesis using a 22-mer container a Sail site. 

The DNA sequences of these two clones are shown in Figures 21 , 22. To construct the chimeric heavy chain 
plasmid, the V H module was joined to the human C gamma 1 module (pGMH6) at the J H BstEII site, and the chimeric 
light chain the V K module was joined to the human C K module (pGML60) at the J K JHindlll site. The expression vector 
sequences were derived from plNG2012-neo as well as plNG20T6-gpt. The constructed plasmids are plNG2101 (V H C 
gamma 1-neo). plNG2l06 (v K C K -neo), plNG2l07 (V K C K -gpt). plNG2101 and plNG2106 were also used to generate 
plasmids containing both genes. They are pHL2-11 and pHL2-26. In addition, plNG21 06 and plNG2014 were combined 
to a two light chain plasmid, pLL2-25, to compensate for the poorer (compared to heavy chain) steady-state accumu- 
lation of light chain protein in transfected cells. (See Fig. 23.) Fig. 24 shows the changes made to the variable region 
sequences during the construction. 

The plasmid, pHL2-11 , was linearized by Aatll; and the DNA was used to transfect Sp2/0 cells by elect roporation. 
Transformants were selected in G418-DMEM. One transformant, 1C9, produces 9.3 ng/ml chimeric kappa and 33-72 
ng/ml chimeric gamma 1 protein as assayed by ELISA. Southern analysis of 1C9 DNA showed that there is one copy 
of the plasmid integrated in Sp2/0 genome. 

EXAMPLE V : Secretion of a Functional Chimeric Antibody from Yeast 

(1) Fusion of mature chimeric L6 light chain and heavy chain genes to the yeast invertase signal sequence and 
shortened phospho-glycerate kinase (PGK promoter). 

Yeast cells are capable of recognizing mammalian secretion signal sequences and of directing secretion of mam- 
malian proteins (Hitzman et al ., supra ). There is, however, evidence which suggests that certain native yeast signal 
sequences are more effective than mammalian signal sequences at directing secretion of some mammalian proteins 
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from yeast (Smith etal. , Science 229 : 1 21 9 (1 985)). One example is the signal sequence for the yeast invertase gene. 
To improve the efficiency of light and heavy chain secretion, the mature light chain and heavy chain sequences were 
fused to the yeast invertase signal sequence and placed under transcriptional control of the shortened PGK promoter 
(U.S. Patent Application 797,477) using the strategies outlined in Figures 25 and 26, respectively. An important element 
of these constructions is the use of in vitro mutagenesis to introduce a restriction site at the signal sequence processing 
site for both the invertase signal sequence (see U.S. Patent Application 797,477) and the light and heavy chain genes. 
These restriction sites are positioned such that a blunt-ended ligation of restriction enzyme-digested, T-4 DNA polymer- 
ase-treated DNA results in in-phase translational fusions of the 5' end of the mature immunoglobulin chains with the 
3' end of the yeast invertase signal sequence. Such genes, when expressed in a yeast cell, may direct the synthesis, 
processing, and secretion of chimeric light and heavy chains with the same primary peptide sequence as chimeric light 
and heavy chains secreted from transf ected mouse Sp2/0 cells. The DNA sequences of the mutagenesis primers used 
for light and heavy chain genes as well as the corresponding unmutagenized sequences are shown in Figures 25B 
and 26B, respectively. Using this approach, the L6 chimeric light and heavy chains were fused to the yeast invertase 
signal sequence and shortened PGK promoter, resulting in plasmids plNG1407-7 and plNG1415 (Figures 25C and 
26C). 

(2) Removal of non-yeast 3' untranslated DNA. 

Recent studies on expression of hepatitis B surface antigen in yeast demonstrated that removal of non-yeast 3' 
and 5* untranslated sequences can result in increased levels of heterologous gene expression in yeast (Knieskin et 
al , Gene 46:135(1986)). The light chain gene sequence of chimeric L6 antibody in plNG1407-7 (Figure 25C) contains 
approximately 200 bp of 3' untranslated DNA followed by 70 bp of poly A and 20 bp of poly G sequences. An initial 
treatment of the chimeric L6 light chain DNA with the double-stranded exonuclease Ba]31, removed the poly A and 
poly G sequences and all but 90 bp of 3' untranslated DNA, generating the plasmid pi NG21 21 b (Figure 27). A restriction 
fragment from plNG2121b containing only C k was cloned into a derivative of pBR322, generating plNG1419 (Figure 
27). A second BaJ31 digestion was next used to remove all but 1 3 bp of non-yeast 3' untranslated DNA generating the 
plasmid, plNG1431 (Figure 27). The chimeric L6 heavy chain gene in plNG1415 (Figure 26) also contains extensive 
3' untranslated sequence which includes 80 bp of pofy A. All but 11 bp of the 3' untranslated DNA were removed using 
the strategy shown in Figure 28, generating the plasmid plNG1429. 

Site-directed in vitro mutagenesis can introduce, at a low frequency, unwanted base pair changes in regions of 
the DNA outside of the area being mutagenized. To ensure that such mutations were not present in the chimeric L6 
light and heavy chain sequences which had been cloned into Ml 3 and subjected to site-directed mutagenesis, we 
constructed light and heavy chain genes fused to the invertase signal sequence and the shortened PGK promoter 
which consisted of coding sequences that were either confirmed by DNA sequence analysis or proven to be functional 
by virtue of their expression in transf ected mouse Sp2/0 cells to produce functional chimeric L6 antibody. The plasmids, 
plNG1439 (light chain, Figure 27) and plNG1436 (heavy chain, Figure 2B) were generated by these constructions. 

(3) Construction of yeast expression plasmids containing chimeric L6 light and heavy chain genes from plNG1 439 and 
piNG1436, respectively, fused to the PGK polyadenylation signal. 

In order for yeast to produce an intact functional antibody molecule, a balanced synthesis of both light and heavy 
chain protein within the host cell is preferred. One approach is to place the light and heavy chain genes on separate 
expression vectors each containing a different selective marker. A yeast strain defective in the selective markers found 
on the plasmids can then be either simultaneously or sequentially transformed with these plasmids. 

The chimeric L6 light and heavy chain genes from plNG1439 (Figure 27) and plNG1436 (Figure 28) were cloned 
as Bglll -Xhol and Bam HI -Xhol fragments, respectively, in two different medium copy number (about 20 copies/cell) 
expression vectors (yeast -E. coli shuttle). One of these, plNG804CVS, contains the complete yeast 2-micron circle, 
the PGK transcription termination and polyadenylation signals, and the Jeu2 gene as the selective marker. The other 
vector, plNG1150, contains the yeast origin of replication, oriY , a cis-acting sequence (REP3) from the yeast endog- 
enous 2-micron plasmid, the PGK transcription termination and polyadenylation signals, and the ura3 gene as the 
selective marker. Both plasmids also contain the p-lactamase gene (bla) for ampicillin resistance and the bacterial 
origin of rep Meat ion. (oriB) from pBR322 for selection and amplification in bacteria. Four plasmids resulted from these 
constructions: plNG1 441 -light chain, ]eu2 and plNG1443-light chain, ura3 (Figure 29); plNG1440--heavy chain, leu2 
and plNG1442~heavy chain, ura 3 (Figure 30). 

(4) Secretion of chimeric L6 antibody from transformed yeast cells. 

Two separate transformation experiments were performed in an attempt to obtain both light and heavy chain syn- 
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10 



15 



20 



thesis in yeast cells. Four u.g each of plNG1440 and plNG1443, and separately of plNG1442 and plNG1441 were 
cotransformed into Saccharomvces cerevisiae strains BB331 C (MATa, ura3, ]eu2) by selecting for growth on SD agar 
(2% glucose, 0.67% yeast-nitrogen base, 2% agar). Ura + Leu + transformants appeared at 2-3 days of incubation at 
30°C. Approximately 100 transformants were obtained for plNG1440 plus plNG1443; only 15 transformants were ob- 
tained for pING1442 plus plNG1441. Ten colonies were inoculated from each plate into 5 ml SD broth supplemented 
with 50 mM sodium succinate, pH 5.5, and grown for 65 hours at 30°C. The cells were removed by centrrfugation and 
the culture supernatants analyzed by ELISA for the levels of light chain and heavy chain and for the degree of asso- 
ciation of the secreted light and heavy chains. The latter was assessed using a goat anti-human kappa antiserum to 
coat the microtiter wells and a peroxidase-labeled goat anti-human gamma antiserum to detect the level of heavy chain 
bound to the anti-kappa coat. The results of these assays (Table 7) revealed that all of the culture supernatants from 
the cells transformed with plNG1440 (heavy chain, Ieu2) plus plNG1443 (light chain, ura3) contained a disproportion- 
ately high level of light chain protein relative to the levels of heavy chain protein, and no evidence (at least as determined 
by ELISA) of assembled light and heavy chains. On the other hand, the supernatants from the cells transformed with 
pi NG 1442 (heavy chain, ur§3) + pi NG 1441 (light chain, Jeu2) contained a more balanced production of light and heavy 
chain proteins, and eight of ten isolates appeared to contain some assembled light and heavy chains as determined 
by ELISA. Two of these isolates, No. 1 and No. 5, produced a significant proportion of assembled light and heavy chain. 

TABLE 7 



LEVELS OF SECRETED CHIMERIC L6 LIGHT AND HEAVY CHAIN BY YEAST TRANSFORMANTS 8 


Plasmids b 


Isolate No. 


Kappa c 


Gamma d 


Kappa/Gamma e 


plNG1440+ . 


1 


284 


39 


0 


plNG1443 


2 


324 


33 


0 




3 


473 


52 


0 




4 


387 


40 


0 




5 


316 


34 


0 




6 


186 


28 


0 




7 


381 


45 


0 




8 


455 


45 


0 




9 


380 


26 


0 




10 


579 


32 


0 


PING1441 + 


1 


128 


79 


35 


PING1442 


2 


150 


30 


1 




3 


124 


29 


0 




4 


185 


55 


5 




5 


114 


52 


35 




6' c 


139 


■ 23 


5 




7 


149 


34 


5 




a 


245 


57 


12 




9 


202 


26 


11 




10 


157 


19 


7 



35 



45 



SO. 



b. PI asm ids: 

pING 1 440 = heavy chain +Jeu2; 
PING1443 = light chain + ura3; 
plNGl442 - heavy chain + ura 3; 
PING1441 = light chain + ieu2. 

c. ng/ml measured by ELISA specific for human kappa with human Bence Jones protein as standard. 

d. ng/ml measured by ELISA specific for human gamma with human as IgG standard. 

e. ng/ml measured by ELISA using anti-human kappa as coating antibody and anti-human gamma as second antibody with human IgG standard. 

Further analysis was performed to determine if this association was the result of the synthesis of an Hg^-size 
protein. The culture supernatants from isolates Nos. 1 and 5, as well as from isolate No. 8, which contained a much 
lower level of apparent light and heavy chain association, were concentrated by ultra-filtration on a Centricon 30 filter 
. (Amicon Corp.). The concentrated supernatants were run on a 7% polyacrylamide gel under non-reducing conditions, 
blotted to nitrocellulose, and probed with goat anti-human kappa antiserum followed by peroxidase-labeled rabbit anti- 
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goat antiserum. The concentrated supernatants from isolates No. 1 and 5, but not from No. 8, contained a single 
immunoreactive band which co-migrated with the purified chimeric L6 antibody from transfected Sp2/0 cells. These 
results suggested that isolates No. 1 and 5 were synthesizing and secreting assembled L6 chimeric antibody. 

5 (5) Purification of chimeric L6 antibody from yeast culture supernatant. 

In order to further characterize the H 2 L 2 -size protein secreted by the yeast and determine if this was assembled 
L6 chimeric antibody, a sufficient quantity of yeast-produced materia! was purified to allow the performance of various 
binding and functional assays. The plNG1442 + 1441 transformant isolate No. 5 was grown for 58 hours at 30°C in a 

io 10-liter fermentor using a synthetic medium (Table 8). The cells were initially grown in 9 liters of the column A medium 
until the glucose level fell below 1 g/L at which time they were fed with a total volume of 2.5 L of medium from column 
B. Glucose levels were maintained at 0.5 g/L during the remaining course of the fermentation. The cells were removed 
by centrifugation and the culture supernatant was analyzed by ELISA for the presence of light and heavy chain proteins 
and for association of the heavy and light chains. The supernatant contained approximately 250 u.g/L of light chain, 

'5 240 u.g/L of heavy chain, and 1 30 u,g/L of heavy chain associated with light chain. The culture supernatants were next 
concentrated by ultrafiltration over a D.C. 10 unit (Amicon Corp.), filtered through 0.45 micron filter and concentrated^ 
over a YM30 filter (Amicon Corp.) to 250 ml. The concentrated supernatant was adjusted to pH 7.4 with KOH, brought 
to 500 ml with PBS (10 mM sodium phosphate, pH 7.4, 150 mM sodium chloride) and loaded on a 1 ml protein A- 
Sepharose (Sigma) cojumn, pre-equilibrated with PBS. The column was washed first with 20 ml PBS, followed by 10 

?0 ml 0.1 M sodium citrate, pH 3.5, then by 10 ml 0. 1 M citric acid pH = 2.2. The pH 3.5 and 2.2 eluates were each collected 
in a tube containing 1 ml 2 M Tris base (Sigma). The bulk of the light and heavy chain immunoreactive proteins were 
in the pH 3.5 eluate which was next concentrated over a Centricon 30 (Amicon Corp.) to a final volume of 106 ul. 
Analysis of this protein on non-reducing polyacrylamide gels using coomassie blue staining and immunoblotting with 
anti-human kappa antiserum (Sigma) to visualize the proteins revealed an H^-size, 150 kilodaltons, protein band. 
This protein was purified away from other proteins by HPLC using an A By 5-micron column equilibrated with buffer A 
(10 mM KP0 4 , pH 6.8). After loading the sample on the column, the column was washed with buffer A for 10 minutes 
(flow rate = -1 ml/minute) and subjected to a linear gradient of 0%.to 50% buffer B (250 mM KP0 4 , pH 6.8) over 50 
minutes at 1 ml/minute. 
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MEDIUM USED FOR YEAST FERMENTATION TO PRODUCE SECRETED L6 CHIMERIC ANTIBODY 3 


Ingredients 


A b 


B c 




1. 


Cerelose (Glucose) 


119 g/l 


538 g/l 


35 


2. 


(NH 4 ) 2 S0 4 


13.9 g/l 


83.3 g/l 




3. 


Thiamine HCL 


0.011 g/l 


0.05 g/l 




4. 


Biotin 


0.00011 g/l 


0.005 g/l 




5. 


Pantothenic acid 


0.002 g/l 


0.009 g/l 


40 


6. 


Inositol 


0.194 g/l . 


' 0.875 g/l 




7. 


H 3 P0 4 


. 5.67 ml/1 


25.5 ml/I 




8. 


KH 2 P0 4 


5.78 g/l 


26.0 g/l 




9. 


MgS0 4 .7H 2 0 


3.33 g/l 


15.2 g/l 




10. 


CaCI 2 .2H 2 0 


0.33 g/l 


1-5 g/l 


'45 


11. 


FeS0 4 .7H 2 0 


0.072 g/l ' 


0.34 g/l 




12. 


ZnS0 4 .7H 2 0 


0.022 g/l . 


0.104 g/l 




13. 


MnCI 2 .4H 2 0 


0.0039 g/l 


0.018 g/l 




14. 


. CuS0 4 .5H 2 0 


0.0067 g/l 


0.031 g/l 


50 


15. 


Conc.H 2 S0 4 


0.0056 ml/1 


0.026 ml/l 



a. Fermentation was performed as described in text. 

b. Constituents of initial 9-lher batch. 

c. Constituents of 2.5-liter feed batch. 



The bulk of the protein resolved into a single large broad peak between 20 and 50 minutes as determined by 
absorbance at 280 nm. A second smaller peak was observed at 52-56 minutes, which corresponded to the normal 
elution position lor chimeric L6 antibody from transfected Sp2/0 cells. ELISA analysis of the column fractions revealed 
a major heavy + light chain cross-reactive peak corresponding to the U.V. absorbance peak at 52-56 minutes. Analysis 
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of the 52-56 minute fractions on non-reducing SDS polyacrylamide gels using coomassie blue staining and immuno- 
blotting revealed an essentially pure protein which co-migrated with L6 chimeric antibody purified from transfected 
Sp2/0 cells. 

(6) Studies performed on the chimeric L6 antibody secreted by yeast. 

The purified yeast-derived antibody was assessed for function in several ways. First, the purified antibody was 
tested for its ability to bind directly to an L6 antigen -positive cell line. Second, the antibody was tested for its ability to 
inhibit binding of mouse L6 antibody to antigen-positive cells. Finally, the purified antibody was tested for two aspects 
of antibody function-the ability to mediate ADCC in the presence of human peripheral blood leukocytes and the ability 
to-kill L6 positive tumor cells in the presence of human complement. 

Direct Binding Assay . Cells from a human colon carcinoma line, 3347, which expresses approximately 5 x 10 s 
molecules of the L6 antigen per cell on the cell surface, were used as targets. Cells from the T cell line, T51, were 
used as a negative control since they, according to previous testing, do not express detectable amounts of the L6 
antigen. The target cells were first incubated for 30 min at 4°C with either the Sp2/0 cell- or yeast-derived chimeric L6 
antibody or with mouse L6 antibody standard purified from mouse ascites. This was followed by incubation with FITC- 
labeled goat-anti-human immunoglobulin for the chimeric antibodies or with FITC-labeled goat-anti-mouse immu- 
noglobulin for the mouse standard. Both labeled antibodies were obtained from TAGO (Burlingame, CA) and used at 
a dilution of 1 :50. Antibody binding to the cell surface was determined using a Coulter Model EPIC-C cell sorter. 

As shown in Table 9, both the mammalian and yeast-derived chimeric L6 antibodies bound significantly and to 
approximately the same extent, to the L6 positive 3347 line. They did not bind above background to the L6 negative 
T51.line. 

Inhibition of Binding . As the next step, the yeast chimeric L6 antibody and the Sp2ZO cell-derived chimeric L6 
antibody were tested for their ability to inhibit the binding of an FITC-labeled mouse L6 antibody to the surface of 
antigen-positive 3347 colon carcinoma cells. 

Both the yeast-derived and Sp2/0-derived chimeric L6 antibodies inhibited the binding of labeled mouse L6 anti- 
body and the binding curves were parallel. Based on the results of these studies, a rough estimate was made of antibody 
avidity. The avidity of the Sp2/0 cell-derived chimeric L6 had been previously determined to be approximately 4 x 1 0 8 . 
The data indicated that there were no significant differences between the avidities of yeast-derived chimeric L6 and 
Sp2ZO cell-derived chimeric L6 antibodies for the L6 antigen. 

Functional Assays . A comparison was made between the ability of the yeast-derived chimeric L6, Sp2/0 cell- 
derived chimeric L6 and standard mouse L6 antibodies to lyse L6 antigen-positive cells in the presence of human 
peripheral blood leukocytes as a source of effector cells mediating Antibody Dependent Cellular Cytotoxicity (ADCC). 
As shown in Table 10, the chimeric L6 from yeast was slightly better than Sp2/0-c ell -de rived chimeric L6 and as 
previously observed, both were superior to the standard mouse L6 in causing ADCC, as measured by a four-hour 51 Cr 
release test. 

A comparison was next made between the yeast-derived chimeric L6, Sp2/0 cell-derived chimeric L6 and standard 
mouse L6 antibodies for their abilities to lyse L6 antigen-positive cells by complement-dependent cytolysis (CDC) when 
human serum was used as the source of complement. The results of this comparison (Table 11) demonstrated that 
while both the Sp2/Ocell-derived chimeric L6 and standard mouse L6 antibodies exhibited high cytolytic activity, the 
yeast-derived L6 antibody failed to cause any cytolysis even at the highest antibody concentration. These results were 
unexpected and demonstrate that the yeast-derived antibody has new and unique properties. 

(7) Conclusions 

A process is disclosed by which yeast can be genetically engineered to secrete functional antibodies. The yeast- 
derived chimeric antibody in this example binds to the appropriate target antigen with approximately the same avidity 
as the chimeric antibody produced by lymphoid (Sp2/0) cells. The yeast-derived antibody also displays similar ADCC 
activity as does Sp2/0-derived antibody. Unlike the Sp2/0 cell-derived antibody, the yeast-derived antibody displayed 
no CDC activity, thus demonstrating the new and unique properties of the yeast-derived antibody. This process should 
be applicable for the production of a variety of monoclonal antibodies and chimeric antibodies carrying chosen antigen 
binding domains linked to a chosen constant domain isotype. Genetically engineered antibodies and derivatives thereof 
produced in yeast also will exhibit novel functional properties, for example, the ability to selectively mediate target 
killing by ADCC without any detectable CDC activity. The technology described herein may also be suitable for the 
production of various other heterologous multimeric secreted proteins by genetically engineered yeast. 
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TABLE 9 


BINDING ASSAYS OF CHIMERIC L6 ANTIBODY PRODUCED BY YEAST OR MOUSE Sp2/0 CELLS ON AN L6 
ANTIGEN-POSITIVE AND AN L6 ANTIGEN -NEGATIVE CELL LINE 


Antibody 8 


Binding Ratio b for: 




H3347 Cells (L6+) 


. T51 Cells (L6-) ' 


Standard Mouse L6 
Sp2/0 Chimeric L6 
Yeast Chimeric L6 


95 

. . 116 
116 


pop 



a. All antibodies were used at a concentration of.1 0 u,g/mi. 

b. The binding ratio is the number of times brighter a test sample is than a control sample treated with FITC-conjugated second antibody. Goat anti- 
mouse antibody was used as the second antibody for standard mouse L6 monoclonal antibody. Goat anti-human antibody was used as the second 
antibody for the yeast and Sp2/0 chimeric L6 antibody. 



TABLE 10 



25 



ADCC OF CHIMERIC L6 ANTIBODY DERIVED FROM YEAST OR Sp2/0 CELLS AND STANDARD (MOUSE) L6 

ANTIBODY ON COLON CARCINOMA CELL LINE 3347 


Antibody 


Antibody Concentration (u,g/ml) 


% Cytolysis* 


Standard mouse L6 


5.0 


42 




1.0 


48 • 


Sp2/0 Chimeric L6 


1.0 


96 




0.1 


71 




0.01 


54 




0.001 - 


37 


Yeast Chimeric L6 


1.0 


114 




0. 1 


. 10B 




0.01 


76 




0.001 


60 


None 


0 


23 



* The target cells had been labeled with &i Cr and were exposed for four hours to a combination of MAb and human peripheral blood leukocytes at 
100 per target cell, and the release of 51 Cr was measured subsequently. The release of 51 Cr (after corrections of values for spontaneous release 
from untreated cells) is a measure of the percent cytolysis. 



TABLE 11 
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HUMAN COMPLEMENT-DEPENDENT CYTOTOXIC EFFECTS OF CHIMERIC L6 ANTIBODY PRODUCED BY 
YEAST OR MOUSE Sp2/0 CELLS ON COLON CARCINOMA CELL LINE 3347 




Antibody 


Antibody Concentration 
Og/ml) 


Complement* (+ or -) 


Percent Cytolysis 


45 


Standard mouse L6 


5 


+ 


122 






1 


+ 


53 






5 




1 




Sp2/0 Chimeric L6 


5 


+ 


73 


SO. 




1 


+ 


22 






0.1 


+ 


5 






5 








Yeast Chimeric L6 ■ 


5 


+ 


3 


55 




1 

0.1 


+ 
+ 


2 
4 



a Human serum from a healthy subject was used as the source of complement. 

b Complement-mediated cytolysis was measured by a four- hour ^ 1 Cr-release assay. 
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TABLE 11 


(continued) 




HUMAN COMPLEMENT-DEPENDENT CYTOTOXIC EFFECTS OF CHIMERIC L6 ANTIBODY PRODUCED BY 
YEAST OR MOUSE Sp2/0 CELLS ON COLON CARCINOMA CELL LINE 3347 


Antibody 


Antibody Concentration 
(jig/ml) 


Complement 3 (+ or -) 


Percent Cytolysis 


a Human serum from a healthy sub 


5 

>ject was used as the source of comi 


element. 


2 



EXAMPLE VI : Secretion of Functional Chimeric Fab from Yeast " 

The Fab portion of IgG consists of a single light chain molecule coupled by a disulfide bridge to a single truncated 
heavy chain molecule consisting of the variable region and ChI (Figure 31). This heavy chain fragment is known as 
Fd. Fabs are potentially useful for a variety of therapeutic and diagnostic procedures. In addition, they are amenable 
to production by microbial fermentation. 

The usual method for production of Fab involves the digestion of intact IgG with papain (see Figure 31 ) followed 
by purification of the Fab away from the Fc fragments generated in the digest. While this procedure is relatively straight- 
forward and can result in high yields of Fab, it is somewhat time-consuming in that it first requires the production and 
purification of whole antibody followed by generation and, finally, purification of Fab. Furthermore, one-third of the 
whole antibody molecule-the Fc portion (Figure 31 )-is not utilized. 

The recent advances in gene cloning and site-specific mutagenesis technology make possible a more direct and 
simple alternative approach for production of Fab molecules. In this approach, a stop codon is introduced in the heavy 
chain gene within the hinge region at approximately the codon for the amino acid at which papain digestion occurs 
The Fab is then produced directly by simultaneous expression of both the light chain and Fd genes to produce their 
respective proteins which assemble and are secreted from the cell. 

(1 ) Introduction of a stop codon in the hinge region of L6 chimeric heavy chain. 

The strategy for introduction of a stop codon into the hinge region of L6 chimeric heavy chain is outlined in Figure 
32A. The location of the stop codon within the hinge region and the DNA sequence of the mutagenesis primer are 
shown in Figure 32B. The stop codon placement corresponds to amino acid 226 in Figure 31 . This procedure generated 
the plasmid plNG1 402 containing an Fd gene which codes for a protein consisting of 22B amino acids and extends six 
amino acids beyond the cysteine to which the light chain is coupled. The mutagenesis also introduced a unique Bell 
site at the stop codon which can be readily utilized for subsequent manipulations of the 3' end of Fd. These include, 
but are not necessarily limited to, removal of heavy chain 3' untranslated DNA as well as the engineering of various 
types of modifications of Fd including the addition of coding sequences for specific amino acids and the production of 
fusion proteins. , 

(2) Fusion of the mature Fd gene to yeast invertase signal sequence and shortened PGK promoter.. 

The strategy for fusion of the Fd gene to the yeast invertase signal sequence is outlined in Figure 33. This approach 
made use of the prior construction of the yeast invertase signal sequence-mature L6 heavy chain fusion (Figure 26) 
and utilized a unique Apal site in the J region of the chimeric L6 heavy chain to replace the constant region in plNG141 5 
consisting of C H 1 , C H 2, and C H 3 with the constant region from pi NG1412 containing the stop codon in the hinge region. 
This procedure generated the plasmid, plNG1418. 

(3) Removal of non-yeast 3' untranslated DNA. 

The introduction of a unique Bell site at the stop codon of the Fd chain provided a convenient method for removal 
of all non-yeast 3' untranslated DNA. This was accomplished using the strategy outlined in Figure 34 and generated 
the plasmid, plNG1428. 

Since the stop codon was introduced into the hinge region by site-specific mutagenesis of a heavy chain fragment 
cloned into M1 3, the possibility existed that unwanted mutations could have been introduced during the mutagenesis 
step. To ensure that such mutations were not present, an Fd gene fused to the invertase signal sequence and shortened 
PGK promoter and consisting of known coding sequences was constructed using the strategy outlined in Figure 34 
generating the plasmid, plNG1 444. 
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(4) Construction of yeast expression plasmids containing the chimeric L6 Fd gene from pi NG 1444 fused to the PGK 
polyadenylation signal. 

In order for yeast to produce an intact, functional Fab molecule, a balanced synthesis of both light and Fd-chain 
proteins must occur simultaneously within the cell. As described in Example V, one approach is to place the light chain 
and Fd genes on separate shuttle vectors containing separate selective markers and to transform these vectors into 
a yeast strain defective for both selective markers. - 

The Fd gene from plNG1444 (Figure 34) was cloned as a Bam HI -Xho l fragment into two medium copy number 
yeast -E. coli shuttle vectors containing sequences for replication in yeast and the PGK polyadenylation, transcription 
termination signal: plNGB04CVS for Ieu2 selection and plNG1150 for ura3 selection (see Figures 29, 30). The two 
plasmids resulting from these constructions--plNG1445 (ura3) and plNG1446 (Ieu2) are shown in Figure 35. 

(5) Secretion of chimeric L6 Fab from transformed yeast cells. 

Two separate transformation experiments were performed in an attempt to obtain both light and Fd-chain synthesis 
in yeast cells. Four u.g each of plNG1445 (Figure 35) and plNG1441 (Figure 30) and separately of plNG1446 (Figure 
35) and plNG1442 (Figure 30) were co-transformed into S. cerevisiae strain BB331c (MATa, ura3>]ejd 2 ) by selecting 
for growth on SD agar (2% glucose, 0.67% yeast nitrogen base, 2% agar). Ura+ Leu + transformants appeared at two 
to three days of incubation at 30°C. 

Five colonies were inoculated from each plate into 6 ml SD broth supplemented with 50 mM sodium succinate, 
pH 5.5, and grown for 65 hours at 30°C. The cells were removed by centrifugation and analyzed by ELISA for the 
levels of light chain. The results of these assays revealed that the levels of light chain in the culture supernatants of 
the pi NG 1446 + pi NG 1443 transformants were three to six times higher than the levels in the culture supernatants of 
the plNG1445 + plNG1441 transformants. The culture supernatants for each group of transformants were next con- 
centrated by ultrafiltration on a Centricon 30 filter (Amicon Corp.) and run on a 10% polyacrylamide gel under non- 
reducing conditions. The proteins were blotted to nitrocellulose paper and probed with goat anti-human kappa antise- 
rum followed by peroxidase-labeled rabbit-anti-goat antiserum. The concentrated supernatant from the plNG1446 and 
pi NG 1443 transformants contained a significant anti-kappa cross-reactive smear over a large portion of the blot with 
only a faint cross-reactive band at the position expected for the Fab protein. By comparison, the concentrated super- 
natants from plNG1445 + pi NG 1441 transformants contained relatively little smeared anti-human kappa cross-reactive 
protein on the blot. In addition, one of the five samples (No. 4) contained an especially intense, distinct anti-kappa 
cross-reactive band which migrated at the position expected for an Fab protein. 

(6) Purification of chimeric L6 Fab from yeast culture supernatant. 

To establish that the Fab-size anti-kappa cross-reactive protein secreted by the yeast is indeed L6 chimeric Fab 
protein required the purification of sufficient quantities for performance of binding assays. The plNG1441 + plNG1445 
transformant isolate No. 4 was, therefore, grown in one liter of SD broth supplemented with 50 mM sodium succinate, 
pH 5.5, for 95 hours at 30°C. The cells were removed by centrifugation and the culture supernatant was analyzed by 
ELISA for the level of light chain protein. The supernatant contained approximately 1 30 u.g/L of light chain protein. The 
culture supernatant was next concentrated by ultrafiltration over an Amicon YM 30 filter to 20 ml. The concentrated 
supernatant was washed with 130 ml 10 mM potassium phosphate, pH 7.5 (buffer A) and re-concentrated over the 
YM30 filter to 12.5 ml. The concentrated supernatant was next brought to 54 ml with buffer A and loaded onto a 1 .5 
ml S-Sepharose column equilibrated with buffer A. The column was washed with 20 ml buffer A and subjected to a 
linear gradient of 0 to 200 mM sodium chloride in buffer A (40 ml total volume). ELISA analysis of the column fractions 
revealed a large anti-kappa cross-reactive peak between fractions 8 and 21 corresponding to a salt concentration of 
approximately 60 mM. These fractions were pooled, concentrated on Amicon YM10 and Centricon-10 filters (Amicon 
Corp.) to 51 pJ and analyzed on non-reducing and reducing polyacrylamide gefs using coomassie blue staining and 
Western blotting with anti-human kappa and anti-human Fab antisera. These analyses revealed an essentially pure 
protein which migrated at approximately 46 kd on the non-reducing gel and resolved into two bands running at approx- 
imately 23 and 24.5 kd on the reducing gel which corresponds to the predicted (based on amino acid sequence) 
molecular weights for light chain and Fd proteins, respectively. The smaller of the two bands strongly reacted with anti- 
human kappa antiserum on the Western blot. Both of the protein bands reacted with anti-human Fab antiserum on the 
Western blot. 

(7) Studies performed on the chimeric L6 Fab secreted by yeast. 

The primary activity of an Fab molecule is its ability to bind to the target antigen. The yeast-derived chimeric Fab 
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was, therefore, tested for its ability to bind directly to an L6 antigen-positive ceil line and for its ability to inhibit binding 
of mouse L6 antibody to antigen-positive ceils. 

Direct Binding Assay. Cells from the human colon carcinoma cell line 3347, which contains the L6 antigen at the 
cell surface/were used as targets. Cells from the antigen-negative cell line, T51 , were used as a negative control. The 
target cells were first incubated for 30 minutes at 4°C with either yeast-derived chimeric l_6.Fab, Sp2/0 cell-derived 
chimeric L6 antibody, or with mouse L6 antibody. This was followed by incubation with FITC-labelled goat anti-human 
kappa immunoglobulin for the chimeric Fab, FITC-labelled goat anti-human IgG for chimeric antibody, or with FITC- 
labelled goat anti-mouse immunoglobulin for the mouse antibody. Both labelled antibodies were obtained from TAGO 
(Burlingame, CA) and used at a dilution of 1:50. Antibody binding to the cell surface was determined using a Coulter 
Model EPIC-C cell sorter. 

As shown in Table 12, the yeast-derived chimeric L6 Fab bound to the L6 positive 3347 line. The yeast-derived 
chimeric L6 Fab did not bind above background to the L6 negative T51 line. 

Inhibition of Binding. As the next step, we studied the extent to which graded doses of the yeast-derived chimeric 
L6 Fab or Sp2/0-cell-derived chimeric L6 antibody could inhibit binding of an FITC-labelled mouse L6 antibody to the 
surface of antigen positive colon carcinoma 3347 cells. 

The yeast-derived chimeric L6 Fab inhibited the binding of the directly labeled mouse L6 antibody. A higher con- 
centration of the yeast L6 Fab, however, was required to achieve 50% inhibition of mouse L6 antibody binding to the 
target cells than was required for the same degree of binding inhibition by Sp2/0 cell-derived chimeric L6 antibody. 

(8) Conclusions 

A process is disclosed by which yeast can be genetically engineered to secrete functional Fab domains of immu- 
noglobulins. The yeast-derived chimeric Fab in this example binds to the appropriate target antigen. Such Fab mole- 
cules provide convenient targeting agents for a variety of diagnostic and therapeutic uses. This process also demon- 
strates the feasibility of secretion of heterologous heterodimeric molecules from yeast. 



TABLE 12 



BINDING ASSAYS OF CHIMERIC L6 FAB PRODUCED BY YEAST ON AN L6 ANTIGEN-POSITIVE AND AN L6 

ANTIGEN-NEGATIVE CELL LINE 


Antibody 8 


Binding Ratio b for: 


3347 Cells (L6+) 


T51 Cells (L6-) 


Sp2/0 Chimeric L6 
Yeast Chimeric L6 Fab 


103 

. 32 . 


1 
1 



a. All antibodies were used al a concentration of 10 u,g/ml. 



b. The binding ratio is the number of times brighter a test sample is than a control sample treated with FITC -conjugated second antibody. Goat anti- 
human antibody was used as the second antibody for the Sp2ZO chimeric L6 antibody and goal-anti-human kappa antibody was used as the second 
antibody for the yeast Fab. 

EXAMPLE VII : Secretion of Functional Chimeric Fab Molecules From Bacteria 

Bacteria are suited for production of chimeric antibodies expressed from mammalian cDNA since entire coding 
sequences can be expressed from well characterized promoters. Escherichia coli is one of many useful bacterial spe- 
cies for production of foreign proteins (Holland, LB., et al ., BioTechnoloqy 4:427 (1986)), since a' wealth of genetic 
information is available for optimization of its gene expression. E. coli can be used for production of foreign proteins 
internally or for secretion of proteins out of the cytoplasm, where they most often accumulate in the periplasmic space 
(Gray etaj,, Gene 39:247 (1985); Oka et al., Proc. Natl. Acad. Sci. USA 82:7212 (1985)). Secretion from the E. coli 
cytoplasm has been observed for many proteins and requires a signal sequence. Proteins produced internally in bac- 
teria are often not folded properly and precipitate into subcellular particles called inclusion bodies (Schoner et al ., 
BioTechnoloqy 3:151 (1985)). Protein secreted from bacteria, however, -is often folded properly and assumes native 
secondary and tertiary structures (Hsiunq et al., BioTechnoiogy 4:991 M 986^V Although immunoglobulin peptides have 
been synthesized in genetically engineered E. coli (Cabilly et al ., Proc. Natl. Acad. Sci. USA 81:3273 (1984); Liu et 
al., Proc. Natl. Acad. Sci. USA B 1:5369 (1984); Boss et al., Nucl. Acids Res. 12:3791 (1984)), there are no reports of 
secretion of these Peptides from E. coli as functional antibodies or antibody fragments. 

An Fab molecule consists of two nonidentical protein chains linked by a single disulfide bridge. These two chains 
are the intact antibody light chain and the V, J, and C H 1 portions of the antibody heavy chain, Fd. The proper cDNA 
clones for the L6 chimeric light and Fd gene have already been identified. In this example, these cDNA clones were 
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organized into a single bacterial operon (a dicistronic message) as gene fusions to the pectate lyase fpelB ) gene leader 
sequence from Erwinia carotovora (Lei et al ., J. BacterioL , in press (1987)) and expressed from either of two strong, 
regulated promoters. The result is a system for the simultaneous expression of two protein chains in E. coli , and the 
secretion of immunologically active, properly assembled Fab of L6 chimeric antibody into the culture growth media. 

A. Construction of E. coli expression systems for L6 Chimeric Fab. 

1 . Assembly of the pelB leader sequence cassette. 

Erwinia carotovora EC codes for several pectate lyases (polygalacturonic acid trans-eliminase) (Lei et al ., Gene 
35:63 (1 985)). Three pectate lyase genes have been cloned, and the DNA sequence of these genes has been deter- 
mined. When cloned into E. coli under the control of a strong promoter, the pelB gene is expressed and large quantities 
of pectate lyase accumulate in the periplasmic space. The pelB signal sequence functions efficiently in E. coli and was 
used as a secretion signal for antibody genes in this example. The nucleotide sequence surrounding the signal se- 
quence of the pelB gene is shown in Figure 36a. 

The pelB signal sequence contains a Hae lll restriction site at amino acid 22, adjacent to the signal peptidase 
cleavage site: ala-ala. Plasmid pSS1004 (Lei et al ., J. BacterioL , in press (1987)), containing the pelB gene in plasmid 
vector pUC8 (Vieirra and Messing, Gene 19:259 (1982)), was digested with Hae lll and EcoRI. This DNA was ligated 
with an eight base pair. Sstl linker to SspJ and EcoRI cut pBR322. The resulting plasmid contained a 300 bp fragment 
which included the 22 amino acid leader sequence of pelB and about 230 bp of upstream E. caratovora DNA. This 
plasmid plNG173, contains an insert that upon- digestion with Sst1 and treatment with T4 DNA polymerase can be 
ligated directly to a DNA fragment flanked by the first amino acid of a mature coding sequence for any gene to generate 
a protein fusion containing a functional bacterial leader sequence in frame with the incoming gene. The Sst1 to Eco RI 
restriction fragment in plNG173 was cloned into pUC18 (Yanich-Perron et al ., Gene 33:103 (1985)) to generate 
pRR175, which contains the pelB leader and adjacent upstream non-coding sequence (including a ribosome binding 
site) downstream of the lac promoter. The construction of pRR175 is outlined in Figure 36b. 

2. Preparation of chimeric L6 light gene for bacterial expression. 

The intact L6 chimeric light chain gene containing an Aatll restriction site at the signal sequence processing site 
and a unique BgJII site downstream of the gene was excised from the yeast expression plasmid plNG1298 (Figure 
25a) as a 1200 bp DNA fragment. This fragment was inserted into plasmid pRR175. The resulting plasmid, pRR177-8, 
contained an in-frame fusion of the pelB leader and the L6 light chain downstream of the lac promoter residing in the 
parent plasmid. A number of derivatives of this plasmid were constructed to delete noncoding sequences from both 
the 5' and 3' ends of the pelB ::liqht chain gene fusion in pRR177-8. Upstream noncoding sequences were deleted 
making use of an Nde l restriction site at -48 bp from the pelB leader sequence initiation codon (Figure 36) generating 
pRR1 80-2. The 3' noncoding sequences were eliminated by substituting a fragment from the plasmid optimized for L6 
light chain expression in yeast, plNG1431 (see Figure 27a), into pRR179 to generate pRR191. Another plasmid, 
pRR190, is similar to pRR191 but contains. 90 bp of noncoding eukaryotic DNA at the 3' end of the light chain gene. 
These constructions are shown in Figure 37. 

3. Preparation of chimeric L6 Fd gene for bacterial expression. 

. The intact L6 chimeric Fd gene containing an Sstl restriction site at the signal sequence processing site, a Bell 
site introduced by site directed mutagenesis (Figure 32a, b) and creating a termination codon at amino acid 226, and 
a unique Bam HI restriction site downstream of the gene was excised from the plasmid plNG1406 (Figure 33) as a 880 
bp DNA fragment. This DNA fragment was inserted into plasmid pRR175 generating an in-frame fusion of the pelB 
leader sequence and. the L6 Fd gene downstream of the lac promoter, pRR 178-5. A number of derivatives were con- 
structed to delete noncoding sequences from both the 5' and 3' ends of the sequence contained in pRR178-5. The 3' 
noncoding sequences were eliminated by substituting a restriction fragment from the plasmid optimized for L6 Fd 
expression in yeast, plNG1428 (Figure 34), which contains an Xhol linker immediately following the termination codon 
of the Fd gene, generating plasmid pRR186. Removal of E. caratovora DNA sequences upstream of the Nde l site at 
-48 from the leader sequence generated plasmid pRRl96. The construction of these plasmids is shown in Figure 38. 

4. Multicistronic expression system for light chain and Fd gene. 

For production of bacterially derived Fab, both light chain and Fd need to be produced simultaneously within the 
cell. Using the plasmids constructed with each of these genes separately, a series of expression vectors were con- 
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structed that contain both genes aligned so that transcription from a single promoter will specify both genes. This was 
done in a way that minimized the noncoding DNA between the two genes to 60 bp. Each gene has a ribosome binding 
site needed for translation initiation and the identical DNA sequence from -48 to the pelB leader: :antibody gene junction. 
Several cloning steps were required to align the two genes together. A portion of the light chain gene linked to the pelB 
leader in pRR1 80-2 was cloned downstream of the Fd gene in pRR1 86 to generate pFK1 00. The remainder of the light 
chain gene was subcloned into pFK100 from pRR177-8 to^ generate pFK101. Similarly, DNA fragments containing 3' 
deletions of eukaryotic sequences from pRR1 90 and pRRI 91 were cloned into pFK1 01 generating pFK1 03 and pFK1 02 
respectively. DNA fragments from pRR1 92 and pFK101 were ligated to generate pFK104 which contains a deletion of 
sequences upstream of -48 bp from the Fd gene. Maps of the Fd and light chain gene cassettes in these plasmids are 
shown in Figure 39. 

5. Placement of the dicistronic message for light chain and Fd under the control of inducible promoters. 

Piasmids pFK101, pFK102, pFK103, and pFK104 contain Fd and light chain genes cloned sequentially under the 
control of the lac promoter in vector pUC18 or pUCl9. In E. coli strains such as JM103 F'laciQ (Messing et al ., Nucl. 
Acids. Res 9:309 (1 981 )), the amount of light chain that accumulates in the periplasm is not affected by thejac promoter 
inducing agent isopropl B-D-thiogalactopyranoside (IPTG), see Table 13. In addition, bacterial growth is slower (com- 
pared to cells containing pUC18), and bacterial colonies exhibit an altered morphology being small, dry and rough, 
suggesting that constitutive foreign gene expression is deleterious to cell growth. Two strategies were used to place 
this gene cassette under more tightly regulated promoters. 

First, a Pstl to Eco RI fragment from pFK104 was ligated to plT206 to place the Fd and light chain gene cassette 
under the direct control of the Salmonella tvphimurium araB promoter, a well characterized, strong promoter in E. coli . 
A restriction map of plT206 and construction of plT1 04 is shown in Figure 40. Use of the araB promoter and its regulatory 
protein araC for the expression of bacterial genes is described in U.S. Patent Applications 695,309 filed January 28, 
1985, and 797,472, filed November 13, 1985. As is seen in Table 14, the resulting plasmid, plTl04, is now regulated 
for the synthesis of light chain by the addition of arabinose to the culture growth media. At least 10 fold induction is 
effected by arabinose addition. Although Fab secreted into the growth medium increases more than 10 fold, cell growth 
stops after induction with arabinose. This confirms that high level expression of the Fab genes is deleterious to cell 
growth. Bacterial colonies harboring plTl04 are phenotypically indistinguishable from E. coli harboring plT206 when 
grown in the absence of arabinose. 

Second, a DNA fragment containing the jacj gene, a repressor of thejac promoter, was cloned into the high copy 
expression vector pFKl02. Expression of jacj from a high copy number vector is useful to regulate expression of the 
lac promoter on a high copy number vector (Russel et al ., Plasmid , in press (1 987); Hsuing et al ., Biotechnology 4:991 
(1986)). A 1.7 kb EcoRI fragment containing the jaci gene on pMC9 (Calos et al ., Proc. Natl. Acad. Sci. USA B0:3015 
(1 983)) was excised, filled in with T4 polymerase to blunt ends, ligated with Pstl linkers and cloned into the unique Pstl 
site of pFK102 to generate pFK102laci. The map of pFK102laci is shown in Figure 40b. The selection procedure used 
to identify the correct clone assured that the resulting plasmid, pFK102laci, contained a functionally repressed lac 
promoter. All white or light pink colonies on MacConkey-lactose plates contained plasmids with jacj inserts while trans- 
formants containing pFK102 alone were red, indicating the functional repression of thejac promoter by the high copy 
number jaci gene. Table 14 shows that expression of bacterial Fab from cells containing pFK102jaci is similar to ex- 
pression from pFK1 02. Unlike cells containing pFK1 02, which formed aberrant colonies and grew slowly in broth culture, 
cells containing pFK102jaci resembled those containing pUC 18. 

B. Expression, SDS-PAGE, and Purification of Bacterially Produced Fab 

1 . Growth of E. coli harboring cloned antibody genes. 

Plasmid DNA was transformed into either E. coli JM103 or MC1061 by standard E. coli transformation procedures. 
Bacterial cultures were grown in TYE (tryptone 1.5%, yeast extract 1.0%, and NaCI 0.5%) supplemented with the 
appropriate antibiotics (penicillin 250 ug/ml, tetracycline 15 ug/ml), Bacterial cultures were grown in volumes of 5 ml 
to 1 liter at 37°C to an optical density OD600 = 0.8 (approximately 4 X 108 cell/ml) and aliquots were induced with 
IPTG (0.2 mM), lactose (1.0%), or arabinose (1.0%). Cultures were grown for an additional time period of 4 to 21 hr. 
Portions of each culture were analyzed for light chain production. Protein was released from the periplasmic space of 
E. coli cells by osmotic shock as described (Yanagida et al ., J. Bacteriol. 166 :937 (1986)). Alternatively, culture super- 
natants were assayed directly for the presence of antibody chains. 

Quantitation of L6 light chain was by ELISA with goat anti-human Kappa light chain antibody (Cappel/ Malvern, 
PA). Fd could be detected by ELISA with mouse monoclonal anti- human Fd antibody (Calbiochem, San Diego, CA). 
Table 13 shows representative data for expression of light chain reactive material in E. coli periplasmic extracts. Light 
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chain is secreted from the bacteria! cytoplasm into the periplasm. Antibody chains are also released from the bacteria 
into the culture supernatant. This is an unusual discovery and may be a unique property of the L6 Fab among eukaryotic 
proteins expressed in E. coli . Under certain conditions, however, bacterial proteins are known to be released from EL 
coli (Abrahmsen etal.. Nucl. Acids Res. 14:7487 (1 986); Pages etal ., J. Bacteriol. 169 :1386 (1 986)). Table 1 4 compares 
the amount of light chain secreted into the periplasm with the amount secreted into the culture supernatant. Light chain 
reactive material is present in plasmid containing cultures harboring cloned light chain alone or light chain plus Fd. The 
best producers of Fab (pFK102, pFK104, and pFK102Jaci) typically secrete 300 - 1000 ng/ml of E LIS A reactive light 
chain into the culture media. A separate construct was made in which the light chain gene is followed by the Fd gene 
(pFK107). This construct directs synthesis and secretion of Fab at similar levels to the constructs with the genes in the 
inverse order. Thus, the gene order is not critical for secretion of Fab. 

2. SDS-PAGE of bacterially produced chimeric L6 light chain and Fd. 

Bacterially produced antibody chains were analyzed by polyacrylamide gel electrophoresis under reducing and 
non-reducing conditions. Protein extracts of lysed whole bacterial cells, protein released from the periplasmic space 
by osmotic shock, and protein secreted into the culture supernatant were analyzed electrophoretically. Transfer of gel 
separate'd protein under full reducing conditions to nitrocellulose and immunological staining with goat anti-human light 
chain antibody by Western analysis revealed that a protein of the same molecular weight as authentic L6 chimeric light 
chain was present (about 23 Kd). Analysis of protein samples by SDS-PAGE under non-reducing conditions showed 
that extracts from cells harboring a plasmid with the light chain gene alone (pRR19l or pRR190) contained a large 
proportion of the light chain reactive material associated into a higher molecular weight form. Much of this material ran 
at about 46 Kd in what is likely to be a light chain dimer. Light chain dimers have been observed from myeloma cells 
producing only light chain. There are also other immunoreactive protein bands that may represent non-specific disulfide 
formation between light chain and E. coli proteins. Protein samples (periplasmic extracts or culture supernatants) from 
E. coli cells harboring both the light chain and the Fd genes contain a light chain reactive band at about 48 Kd when 
separated under non-reducing gel conditions which runs at a slightly higher molecular weight than the bacterial light 
chain dimer.- This material is bacterially produced L6 chimeric Fab. In E. coli harboring pFK102laci, pFK101, pFK102, 
PFK103, or pFK104 the 48 Kd band observed on an SDS gel run under non-reducing conditions is the most prominent 
immunoreactive specie. .In addition, the background smear of immunoreactive proteins seen in extracts containing the 
light chain only is greatly reduced in extracts from cells containing both light chain and Fd. 

3. Purification of bacterially produced chimeric L6 Fab. 

Immunologically and functionally active (see below) bacterial Fab was purified from either culture supernatants or 
periplasmic protein extracts of E. coli harboring pFK102laci or plTl04. For purification of periplasmic material, the 
periplasmic fraction from 1 liter of cells induced for 4 hours was released into 50 ml of distilled water. This material was 
centrrf uged for 20 minutes at 5000 g and filtered through a 0.45 u/n filter. The periplasmic extract was then concentrated 
over a YM10 membrane (Amicon) to about 5 ml. This material was diluted 8 fold into starting buffer (10 mM K2HP04, 
pH 7.5) and applied to a 1 ml S-Sepharose column at a flow rate of 1 .0 ml/min. The column was washed with 25 ml of 
starting buffer and eluted with a 0 to 200 mM NaCI gradient in starting buffer (200 ml total volume). The immunoreactive 
gradient peak was pooled (elution was at about 1 0OmM) and concentrated on a Centricon 1 0. Purified Fab was stored 
in PBS + 2.0% BSA. 

For purification of secreted Fab from .1 liter of bacterial culture supernatant, the cells were removed by centrifugation 
after growth for 21 hours with inducing agents and the supernatant was filtered through a 0.45 u.m filter. The media 
was concentrated over a YM10 membrane (Amicon) to about 16 ml, then diluted with 10 mM K2HP04 to 105 ml. This 
material was applied to a 1.6 ml S-Sepharose column and eluted with a 0 to 200mM NaCI gradient in 40 ml. Fab 
recovered from S-Sepharose chromatography was greater than 70% pure as determined by densitometry tracing of a 
nonreducing, coomassie stained, 10% acrylamide gel. The Fab purified from bacterial culture supernatants resolves 
, into two major protein bands of about 23 Kd and 24.5 Kd on a 15% reducing gel. The molecular weight of Fd and light 
chain based on the DNA sequence are 24.5 Kd and 23 Kd which corresponds well to the observed protein sizes. The 
smaller of the two bands strongly reacted with goat anti-human Kappa light chain antiserum on a Western blot. Bacterial 
Fab purified from either the periplasmic space or bacterial culture supernatants are indistinguishable by all analytical 
criteria tested here. 

4. Functional binding activity of bacterially produced chimeric L6 Fab to the L6 antigen. 

Bacterially produced Fab purified by S-Sepharose chromatography was tested for binding to L6 antigen containing 
cells. As shown in Table 15, bacterial Fab binds specifically to the human colon carcinoma cell line 3347. Cells from 
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the T cell line T51 were used as a negative control. Target cells were incubated tor 30 minutes at 4°C with bacterially 
produced L6 chimeric Fab, intact L6 chimeric antibody produced in Sp2/0 cells, or mouse L6 antibody purified from 
mouse ascites. This was followed by incubation with FITC-labelled goat anti-human light chain antibody for Fab de- 
tection, FITC-labelled goat anti-human immunoglobulin for chimeric antibody detection, or with FITC-labelled goat anti- 
murine immunoglobulin for mouse antibody detection. Antibody binding to the cell surface was determined using a 
Coulter Model EPIC-C cell sorter. 

Bacterially produced Fab also exhibits characteristic binding inhibition of FITC-labelled mouse L6 antibody to the 
surface of antigen positive 3347 colon carcinoma cells. Bacterially produced Fab and Sp2/0 derived chimeric L6 have 
similar binding inhibition profiles, thereby suggesting that the avidity of bacterially produced Fab and Sp2/0 derived 
chimeric L6 are similar. 

Conclusions 

A novel process is disclosed whereby E. coli has been used as a host to produce functionally active Fab domains 
of immunoglobulins and to secrete these into the periplasmic space and also in the culture medium. This molecule 
exhibits binding properties expected of a properly assembled antibody recognition site. This technology can be used 
to express antibody genes with other binding specificities in E. coli . 

1 . Proteins encoded by modified antibody cDNA clones can be secreted from bacteria using a signal sequence. 

2. Two antibody genes can be expressed from a single bacterial promoter as a dicistronic message. 

3. Two foreign proteins (in this example antibody light chain and Fd) can assemble properly, i.e., assume correct 
secondary, tertiary, and quaternary structure when secreted from bacteria. 

4. At least two, and probably many bacterial promoters can be used for expression of antibody genes. 

5. This example is a general method whereby genes encoding other antibody chains can be expressed together 
as a dicistronic message; these include either light chain and Fd genes or light chain and intact heavy chain genes. 

6. The gene order with respect to the promoter is not important in the ability of E. coli to produce Fab. A construct 
of the Fd gene followed by the light chain works as well as the. genes organized in the inverse order. 

7. Fab can be secreted from E. coli into the culture supernatant where it is stable and can be purified. Most Fab 
chains that pass the cytoplasmic membrane are secreted into the culture supernatant. 

Microorganism Deposits 

Saccharomvces cerevisiae BB331 C (41/42-5), G1 87 was deposited at the ATCC on July 9, 1 987 and given access 
number 20856. Escherichia coli JM 103 (pFK1021 aci), G186 was also deposited therein on the same date and given 
access number 67457. Both deposits were under the Budapest Treaty. 



TABLE 13 







' QUANTITATION OF LIGHT CHAIN FROM E. 


COLI PERIPLASM 




plasmid 




ng/ml of culture 


plasmid 




ng/ml of culture 
















+ 


pRR175 




0 


0 


PFK101 




36 


28 


PRR177-8- 




. 8.5 


11 


pFK102 




68 


55 


pRR180 




. 399 


412 


pFK103 




38 


45 


pRR190 




200 


241 


pFK104 




91 


68 


pRR191 




463 


772 










E, CPll JM103 or MC1061 (results similar) was transformed with each plasmid. Fresh transformants were cultured 


in TYE at 37°C to an OD600 = 0.8. Cultures were divided and the inducer (IPTG) was added to 0.2 mM to one 


aliquot (- or + 


IPTG). Cells were grown at 37°C for 4 hours. Periplasmic protein extracts were prepared, and aliquots 


were tested for light chain by ELISA with goat anti human Kappa antibody. Each value is the average of at least 


two separate experiments. Removal of non-coding sequences both 5' and 3' to the antibody gene effected in increase 


on light chain accumulation in the periplasm. 
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TABLE 14 



ACCUMULATION OF LIGHT CHAIN IN THE SUPERNATANT AND PERIPLASM AFTER INDUCTION 


Plasmid 


Inducer 


Supernatant 


Periplasm 






4hr 


21 hr 


4 hr 


21 hr 


pRR190 


- 


0 


nd 


200 


nd 


pRR190 


+ 


5 


188 


241 


nd 


PFK102 




12 


nd 


6B 


nd 


PFK102 


+ 


57 


828 


55 


40 


pFK104 




13 


nd 


91 


nd 


PFK104 


+ 


150 


290 


68 


35 


pFK102lacj 




25 


360 


50 


100 


pFK102laci 


+ 


72 


606' 


37 


40 


plT104 




13 


nd 


~ 10 


nd 


plT104 


+ 


150 


216 


19 


35 


Plasmid containing E. coli strains were grown, prepared, and assaved as described in Table 13. For pRR190. 


pFK102 t pFK104, and pFK102laci cells were induced with 0.2 mM IPTG; plT104 was induced with 1% arabinose. 


Each value is the average of at least two separate experiments. For analysis of E. coli culture supernatants. bacteria 


were removed by centrif ugation and culture supernatants were passed through a 0.45 uM filter. Values are expressed 


in ng/ml of culture. 










nd - not determined 











TABLE 15 



BINDING ASSAYS OF BACTERIAL Fab 




Binding ratio* 


Antibody 


3347 cells L6+ 


T51 cells L6- 


Standard mouse L6 


95 




1 


Sp2/0 chimeric L6 


116 




1 


Bacterial L6 Fab 


54 




1 


Standard L6 Fab 


16 




1 



* The binding ratio is the number of times brighter a test sample is than a control sample treated with FITC- conjugated second antibody. 



Standard L6 Fab was prepared by enzymatic digestion of mouse L6 antibody. 

Claims 

1. An immunoglobulin chain, or a fragment of an immunoglobulin chain, comprising at least a functionally operating 
region of an antibody variable region, the variable region being directly linked at its N-terminus to a prokaryotic 
secretion signal peptide to enable the immunoglobulin chain, or fragment of an immunoglobulin chain, to be se- 
creted from a prokaryotic organism. 

2. An immunoglobulin chain according to Claim 1 which is a light immunoglobulin chain. 

3. An immunoglobulin chain according to Claim 1 which is a heavy immunoglobulin chain. 

4. An immunoglobulin chain according to any preceding claim wherein the prokaryotic secretion peptide is a pectate 
lyase signal peptide. 

5. An immunoglobulin chain according to Claim 1 or 4 wherein the fragment is an Fd fragment. 

6. An immunoglobulin chain or fragment of an immunoglobulin chain according to any preceding claim which is chi- 
meric. 
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7. A polynucleotide molecule encoding an immunoglobulin chain, or a fragment of an immunoglobulin chain, accord- 
ing to any preceding claim. 

8. A molecule according to Claim 7 which is DNA, optionally comprising a promoter. 

9. A vector, such as an expression vector, comprising a molecule according to Claim 7 or 8. 

1 0. A process of preparing a immunoglobulin chain, or a fragment of an immunoglobulin chain, the process comprising: 

a) transforming or transfecting a prokaryotic host with a vector as defined in Claim 9 comprising a promoter 
capable of directing transcription in the host; 

b) culturing the host under appropriate conditions such that the immunoglobulin chain, or fragment of an im- 
munoglobulin chain, is expressed with the variable region being directly linked at its N-terminus to a prokaryotic 
secretion signal peptide; and 

(c) obtaining an immunoglobulin chain, or fragment of an immunoglobulin chain, which prior to being secreted 
from the host, was originally linked to the signal peptide. 

11. A process of preparing an immunoglobulin chain, or a fragment of an immunoglobulin chain, as defined in any of 
Claims 1 to 6, the process comprising: 

a) culturing a prokaryotic host capable of expressing the chain, or fragment of an immunoglobulin chain, under 
culturing conditions; and 

b) recovering from the culture the chain, or fragment of an immunoglobulin chain. 

12. A process of preparing an immunoglobulin chain, or afragment of an immunoglobulin chain, the process comprising 

(a) culturing a transformed or transfected prokaryotic host. under appropriate conditions such that the immu- 
noglobuiin chain, or fragment of an immunoglobulin chain is expressed as a result of transcription in the host 
of a polynucleotide sequence encoding an immunoglobulin chain, comprising at least a functionally operating 
region of an antibody variable region, the variable region being directly linked at its N-terminus to a prokaryotic 
secretion signal peptide to enable the immunoglobulin chain, or fragment of an immunoglobulin chain, to be 
secreted from a prokaryotic organism; and 

(b) obtaining an immunoglobulin chain, or fragment of an immunoglobulin chain, which prior to being secreted 
from the host, was originally linked to the signal peptide. 

13. A process according to any of Claims 10 to 12 wherein the secretion signal peptide is a pectate lyase secretion 
signal. 

1 4. A process according to any of Claims 1 0 to 1 3 wherein the immunoglobulin chain, or fragment of an immunoglobulin 
chain is isolated from the periplasmic space. 

1 5. A process according to any of Claims 1 0 to 1 3 wherein the immunoglobulin chain, or fragment of an immunoglobulin 
chain is isolated from the culture growth medium. 

16. A host transformed or transfected with a vector according to Claim 9. 



Patentanspruche 

1. Immunglobulinkette oder Fragment einer Immunglobulinkette, welches bzw welche mindestens eine funktionell 
arbeitende Region einer variablen Region eines Antikorpers aufweist, wobei die variable Region an ihrem N-Ter- 
minus direkt mit einem prokaryottschen Sekretionssignalpeptid verbunden ist, urn ein Sezernieren der Immunglo- 
bulinkette oder das Fragment einer Immunglobulinkette von einem prokaryotischen Organismus zu ermoglichen. 

2. Immunglobulinkette nach Anspruch 1, die eine leichte Immunglobulinkette ist. 

3. Immunglobulinkette nach Anspruch 1, die eine schwere Immunglobulinkette ist. 
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4. Immunglobulinkette nach einem der vorangehenden Anspruche, wobei das prokaryotische Sekretionspeptid ein 
Pektatlyase-Signalpeptid ist. 

5. Immunglobulinkette nach Anspruch 1 Oder 4, wobei das Fragment ein Fd-Fragment ist. 

6. Immunglobulinkette Oder Fragment einer Immunglobulinkette nach einem der vorangehenden Anspruche, die bzw. 
das chimar ist. 

7. Polynucleotidmolekul, das fur eine Immunglobulinkette oder ein Fragment einer Immunglobulinkette nach einem 
der vorangehenden Anspruche kodiert. * 

8. Molekul nach Anspruch 7, das DNA ist und wahlweise einen Promotor umfaSt. 

9. . Vektor, wie ein Expressionsvektor, welcher ein Molekul nach Anspruch 7 oder 8 autweist. 

10. Verfahren zur Herstellung einer Immunglobulinkette oder eines Fragments einer Immunglobulinkette, wobei das 
Veriahren folgendes umfafit: 

a) Transformieren oder Transfektieren eines prokaryotischen Wirts mit einem Vektor wie in Anspruch 9 defi- 
niert, welcher einen Promotor aufweist, der zur Lenkung der Transkription im Wirt imstande ist; 

b) Kultivieren des Wirts unter geeigneten Bedingungen, so daf3 die Immunglobulinkette oder das Fragment 
einer Immunglobulinkette so exprimiert werden, daG die variable Region an ihrem N-Terminus direkt mit einem 
prokaryotischen Sekretionssignalpeptid verbunden ist; und 

c) Erhalten einer Immunglobulinkette oder eines Fragments einer Immunglobulinkette, die bzw. das vor dem 
Sezernieren von dem Wirt ursprunglich mit dem Signalpeptid verbunden war. 

11. Verfahren zur Herstellung einer Immunglobulinkette oder eines Fragments einer Immunglobulinkette nach einem 
der Anspruche 1 bis 6, wobei das Verfahren folgendes umfaGt: - 

a) Kultivieren eines prokaryotischen Wirts, der zur Expression der Kette oder des Fragments einer Immun- 
globulinkette unter Kulturbedingungen imstande ist; und 

b) Gewinnen der Kette oder des Fragments einer Immunglobulinkette. aus der Kultur. 

12. Verfahren zur Herstellung einer Immunglobulinkette oder eines Fragments einer Immunglobulinkette, wobei das 
Verfahren folgendes umfaGt: 

a) Kultivieren eines transformierten oder transf ektierten prokaryotischen Wirts unter geeigneten Bedingungen, 
so daG die Immunglobulinkette oder das Fragment einer Immunglobulinkette als Ergebnis einer Transkription 
einerfur eine Immunglobulinkette kodierenden Polynucleotidsequenz in dem Wirt exprimiert wird, welche Kette 
mindestens eine funktionell arbeitende Region einer variablen Region eines Antikorpers aufweist, wobei die 
variable Region an ihrem N-Terminus direkt mit einem prokaryotischen Sekretionssignalpeptid verbunden ist, 
um die Immunglobulinkette oder das Fragment einer Immunglobulinkette von einem prokaryotischen Orga- ' 
nismus zu sezernieren. 

b) Erhalten einer Immunglobulinkette oder eines Fragments einer Immunglobulinkette, die bzw. das vor dem 
Sezernieren von dem Wirt ursprunglich mit dem Signalpeptid verbunden war. 

13. Verfahren nach einem der Anspruche 10 bis 12, wobei das Sekretionssignalpeptid ein Pectatlyase-Sekretionssi- 
gnal ist. 

14. Verfahren nach einem der Anspruche 10 bis 13, wobei die Immunglobulinkette oder das Fragments einer Immun- 
globulinkette aus dem periplasmatischen Raum isoliert wird. 

15. Verfahren nach einem der Anspruche 10 bis 13, wobei die Immunglobulinkette oder das Fragments einer Immun- 
globulinkette aus dem Kulturwachstumsmedium isoliert wird. 

16. Wirt, der mit einem Vektor nach Anspruch 9 transfektiert oder transformiert ist. 
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Revendications 

1. ChaTne d'immunog lob u line, ou fragment d'une chaTne d'immunoglobuline, comprenant au moins une region a 
operation fonctionnelle d'une region variable d'anticorps, la region variable etant liee directement par son extremite 
N a un peptide signal de secretion de procaryote pour permettre a la chatne d'immunoglobuline, ou au fragment 
d'une chaine d'immunoglobuline, d'etre secretee d'un organisme procaryote. 

2. Chaine d'immunoglobuline suivant la revendication 1, qui est une chaine legere d'immunoglobuline. 

3. Chaine d'immunoglobuline suivant la revendication 1 , qui est une chaine lourde d'immunoglobuline. 

4. Cha?ne d'immunoglobuline suivant Tune quelconque des revendications prec6dentes, dans laquelle le peptide de 
secretion procaryote est un peptide signal de pectate lyase. 

5. Chaine d'immunoglobuline suivant les revendications 1 a 4, dans laquelle le fragment est un fragment Fd. 

6. Chaine d'immunoglobuline, ou fragment d'une chaine d'immunoglobuline, suivant Tune quelconque des revendi- 
cations pr^cecientes, qui est chim6rique. 

7. Molecule polynucleotidique codant une chaine d'immunoglobuline, ou un fragment d'une chaine d'immunoglobu- 
line, suivant I'une quelconque des revendications pr6c6dentes. 

8. Molecule suivant la revendication 7, qui est un ADN, comprenant facultativement un promoteur. 

9. Vecteur, tel qu'un vecteur d'expression, comprenant une molecule suivant la revendication 7 ou 8. 

10. Procede de preparation d'une chaTne d'immunoglobuline, ou d'un fragment d'une chaine d'immunoglobuline, le 
proc6d6 comprenant : - . 

(a) la transformation ou la transfection d'un h6te procaryote avec un vecteur tel que d6fini a la revendication 
9, comprenant un promoteur capable de diriger la transcription dans I'hote; 

(b) la mise en culture de I'hote dans des conditions appropriees de sorte que la chaTne d'immunoglobuline, 
ou le fragment d'une chaTne d'immunoglobuline, soit exprimee avec la region variable liee directement par 
son extremite N a un peptide signal de secretion procaryote, et 

(c) I'obtention d'une chaTne d'immunoglobuline, ou d'un fragment d'une chaTne d'immunoglobuline, qui, avant 
d'etre secretee de I'hote, est initialement liee au peptide signal. 

11. Procede de preparation d'une chaTne d'immunoglobuline, ou d'un fragment d'une chaTne d'immunoglobuline, telle 
que definie dans I'une quelconque des revendications 1 a 6, le procede comprenant : 

(a) la culture d'un note procaryote capable d'exprimer la chaTne, ou le fragment d'une chaTne d'immunoglo- 
buline, dans des conditions de culture, et 

(b) la recuperation a partir de la culture, de la chaine, ou du fragment d'une chaTne d'immunoglobuline. 

12. Procede de preparation d'une chaTne d'immunoglobuline, ou d'un fragment d'une chaTne d'immunoglobuline, le 
precede" comprenant : ' 

(a) la culture d'un note procaryote transform^ ou transfecte dans des conditions appropriees, de sorte que la 
chaTne d'immunoglobuline, ou le fragment d'une chaTne d'immunoglobuline, soit exprimSe suite a la transcrip- 
tion dans I'hote, d'une sequence polynucleotidique codant une chaTne d'immunoglobuline, comprenant au 
moins une region a operation fonctionnelle d'une region variable d'anticorps, la region variable etant liee di- 
rectement par son extremite N a un peptide signal de secretion de procaryote pour permettre a la chaTne 
d'immunoglobuline, ou au fragment d'une chaTne d'immunoglobuline, d'etre secretee d'un organisme proca- 
ryote, et 

(b) I'obtention d'une chaTne d'immunoglobuline, ou d'un fragment d'une chaTne d'immunoglobuline, qui, avant 
d'etre secretee de I'hote, est initialement Nee au peptide signal. 

13. Procede suivant I'une quelconque des revendications 10 a 12, dans lequel le peptide signal de secretion est un 
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signal de secretion de la pectate lyase. 

14. Procede suivant I'une quelconque des revendications 10 a 13, dans lequel la chaTne d'immunoglobuline, ou le 
fragment d'une chaTne d'immunoglobuline, est isole de I'espace periplasmique. 

15. Procede suivant I'une quelconque des revendications 10 a 13, dans lequel la chaine d'immunoglobuline, ou le 
fragment d'une chaTne d'immunoglobuline, est isole du milieu de culture. 

16. Hote transforms ou transfecte avec un vecteur suivant la revendication 9. 
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FIG. 2 

Iq hnvy chain J~C region 

hottin haavy chain J rcglona j | CHI 

J!! CCTCAATACTTCCACCAC7CGGCCCACGCCACC C r CC?C ACC C 7C7CC7CAC 
J8 2 CTACTCCTACTTCCATCTCTCGCCCCCTCCCACCCTCCTCACTCTCTCCTCXC 
JB3 ATC L1 111 U A7C7C7 C GGCCCAAGCCACAA7GC7CAC CG T C I C 1I I A6 

JI 4 AC7ACTT7C ACTAC7GGCCCCAAG0 AACCC7G07CACCC7CTCC7CAG 

ACA L r UUriU^ ACTCCTCCCCCCAACCAACCCTCCTCACC C TCTCCT C AC 
JSC ATCTAOftCCTAICCACCTCT C CCSCCAACgCACCACGCYCACCCTCTCCTCAC 
Consensus TCCA CC TC7 C CGCCCAAGCAACCC70C7CACCC7C7CC7CAG 

»pmt baa^y chain J regions J J CHI 

JE1 TACTCCTACT7CCA7CTC7 C GCCCCCAG0CACCACGC7CACCCTC7CC7CAG 
JH2 TAC777CAC7AC7CCCCCCAAGCCACCAC7C7CACAG7C7CC7CAG 
JB3 CCTCCTTTGCTTACTGGGGCCAACCGACTCTCGTCACTCTCTCTCCAC 
J84 TACTA7CC7A7GCAC7AC7GGCG7CAAGGAACC7CAG7CACC67C7CC7CAC 
Conientut X Z 1 GAC7AC7GGGCCCAACCCACCACCC7CACCG7C7CC7CAC 



Ig light chain J-C raglon 

feoaan Kappa J rag ion J | C 

JJC1 CCA CCI gCG GCCAACCGACCAAGC7CGAAA7CAAAC 
JJC2 ACAC7TT76CCCAGCGCACCAAGC7CGACA7CAAAC 
JRJ TCA C T 1 1 C GCCCC7C6C ACCAAAG7CC A7A7CAAAC 
JK4 TCA C I I I C GGCGGAGGCACCAAGC7GCAGA7CAAAC 
JK5- 7CACCT7CGGCCAAGGGACACGAC7GGACA77AAAC 
Consensus TTCCGCCAACCCACCAAGG7GGAGATCAAAC 

■oust Xappa J regio n J I C 

JK1 TGGACCTtC6CTC6AGGCACCAACC7CCAAA7CAAAC 
JK2 TACACG77CGCACGGCGCACCAAGC7GGAAA7AAAAC 
JKl rrCACA77CAG7GA7CGCACCAGAC7GCAAA7AAAAC 
JX4 T7CACC7TCGGC7CCGGCACAAAG77CCAAA7AAAAC 
J ICS C7CACGT7CGG7GC7CCC ACCAAC C7GC AC C7G AAAC 
Consensus W CGC 7 C GGCGGACCAAGC7CCAAA7AAAAC 



blfilkJi] ^TCC77CCACCTT7A7777C 3 . 

hwaan Csabds psaodo J region J I C 

JFStd CACATC7T7CGCACCAACACCCACCCCACT6TCTTAG 
aiouat La a Ma J rag Ion J I C 



JL1 TGCG7CTTCGC7GGAGCAACCAAAC7GAC767CC7AG 
JL2 TA7G777TCGGCCG7GGAACCAAGGTCAC7C7CC7AG 
T77A7777CCCCAC7GGAACCAACCTCAC7C7CC7AG 
Consensus T7CCCCCC7GCAACCAACGTCAC7G7CC7AG 
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FIG. 4 

A. Synthesis of Human IgSI Gene* 
e Hurnon IgGI Heovy Chain Structure 
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B. A Humon IgGI Constont Region Cloning Vector for V Region 
Module Insertion 
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FIG. 5 
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FIG. 6 

A. Synthesis of Humon IgX Genes 
a Humon IgX Light Chain Structure 
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B. Construction of o Human C K Region CJoning Vector 
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Rg.7 
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